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COMPA.RISON OF MODEL AND FIELD MEASU'REMENTS
HYDRAULIC LOSSES IH THE BOULDER OUTI..ET WORKS ~

1 ;’s; P <Wing}. aErgineer ,Buriaau ‘of mé’clamti‘on,' ".menve;,_?(:olorado e

| ‘Smmnr

The theoretiaal s'budles i‘or the hyd.raul:.c design of the
‘:Boulder Dam penstooks and .outlet works were ‘nided by elaborate
tests ‘on-a 1/64-5oale hydraulic.model, ‘the results-of which were
published in Boulder Canyon Projeot. F:r.nal Reports, Part IV, Bul- -
. 1letin 2, The present memorandum ‘covers the hydraulic tests made

_-in the field during 1937, 1938, ‘and 1939, and compares ‘these proe
“totype tests with those made on the mdel., The tests, made on’
3040=foot ‘end B=foot 6-inch ‘bitumastio-soated steel conduits,

- with maximum velocities up to ‘90 feet per :second (meximum Rey-

* nolds number of ‘the ‘order of 70,000,000) .and with gross heads up
o 337 feet, are believed to have a probable ascuracy of :about

b _two “percent for the discharges and 10 percent for the loss: ooef«-f

ficient for the largest. discharge ‘measureds . The discharge coef-.
ficients for the needle welves were found to decrease with in- -~
oreaso :in head, the values:0. 77 =073 ‘based.on the gross outlet
" area, and ‘on the energy head as measured at the entrance to the
‘walve being consistent with values found from the model. Like- -

“wise the equaiions glving the discharge in terms of the: drop ‘in

. water surface fram'the lake to the intake -tower with one gate
. - -open were ‘found ‘in- reasonuble agreement wn.th the model results
_“the values being: o _

Q= 6 500" \/ﬁ for +the mod&l 6 640 '\ﬁf for tb.e pro’botype 2
1939 ‘tests,-and 6, $750 VE as derberrﬂned from s-bream gagings be-

‘ilaw the .dan.

_ Inherent dlfi‘ioultz.es 4n- mal:mg :E‘:Leld tests of suoh mag:i-
.'-Ztude, the actual physical layout with fittings olose together so

" ‘that’ hydra.ul:.c disturbance from one fitting: affects. the flow at
. Fittings dmmstraam, and the lesk .of- adaqua.te ‘data as the rate

~at which énergy is ‘dissipated following & fitting, make it :unpos-““
~".sible to separate: rehably the gross measured loss into its indi-

- wridual - oomponents. - ‘Howewer., within-the limits of the tests, such -

informetion ‘as has been cobteined indieates the -probability that

dn the " prototype - enbranoce, hend and ‘hraneoh losses are dissiveted

@b e’ jmach:slower :rate then  siown ’by the models -~ This may ‘be :due -
' ‘--wto the greater a'bso].u‘be rougmess of the model oomps.red to the




prototype, the friction coefficient ‘being:0.028 in the.one cass =
and ‘040134 in the aecond (n = 0+018)+ 'The field tests show de= = -
_ ‘Pinitely the value of model testing in oases where speoial £it~
“tings make en-estimate of losses from existing date wncertain, .
. ‘but they also seem to indicete that more theoretiocal and experi- -
mental ‘date are required as to the mechanism of ‘energy loss if -
‘the ‘quantitative results are to be used to the best edvantages -
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) The outlot works of the‘Boulder Dwm, of which- the hydraullo_;;ﬁﬁ;g A
, _test;ng ‘of ‘one wunit formsthe subgeot ofithis’ report, oonszst of
four nndependent struotures whloh ‘are locmted in pairs on: either . .

:§ide:of the ‘canyon, - desmgnated ‘ag the upper and, “lower Nevada and '
. the ‘upper and ‘lower ‘Arizona outlet warks, (See plate Noe 14)"

‘Each ccomprises :a’ ‘B0=foot 1nsxde dlametor verticel 1ntake towar
:situated in ‘the reservolr from the “bottom of whlch B Zo-foot plpe

‘sfjleads ‘40 ithe powerhouse manifold. Boyond ‘the manifcld the pipe

-is.reduced to 25 feet inside. ‘diemeter ohang1ng %o -another: manlfold

- from which '5ix {8-foot ‘6=inch:pipes -discharge through balanced
¢ 0 :needlevalves: tothe; atmosphere. ‘The ;original hydreulic : ‘design -
f,Ucontemplated B total maximum dlscharge “through “the - entire works

vof 121,600 ‘ceafess, 50,600 csfieBe passing through ‘the 'powerhouse
units and 191,000 B-fosw through: 24 -waste valves. - The: maximum
~“head anticlpated was ‘570 feat and max1mum veloeitiesﬂapproachlng
100 ‘feet per .second ‘were involved. To- foreoast the dlsoharge
from:suchian “installation end to d1menszon eoonomlcally dts :
parts,: requires the ablllty %o ostimate ‘accurately the’hydraulic

‘loss coeff;cients of ‘ita 1ntako, bonds, straight pipe and valvése -

Sueh forecasting ‘is not . dlfflcult invordinary: 1nsta11atlons._'u{
‘Adequate ‘data are avallanle for - estlmating friction. losses of
‘straight’pipe ‘and - although -data dealing -with fittings .are not. so

”'asatlsfaotory, losses -caused ‘by “them are usually -of minor impor-. Lt

. tonce compared with the ‘totale At Boulder, on the oontrary, b

. was ‘estimated ithat entranoe, ‘bend, .and ‘bronch-commection 1osses
‘mede up “36 ‘perocnt to 46 percent. ofttho entire losse Few data

Were - ‘available ito  show how ‘such’ losses mlbht vary in lsrgs plpas

el hzgh velocitiese  ‘Even: estimatlng straight -pipe ‘losses ‘involved

‘extrapolation 'by ‘the empirical formule of hydraulics in‘which the

“date are Yimited ‘to bests on 12~ :and 16=foot ‘diameter pipes- ~with:

welocities of 10 feet~per second, (Reynolds ‘number .of ‘the order‘f f:f
- vof 155000,000) -to walues five: tlmes greaters To roéduce the = =

ooertaiutles to the greatost extent: ‘possible, as weoll as to éetcr-"

?.,mlno loss. coo?flclents ‘for :oortain uausual flttings, which it was

lproposed to use, ‘8 number of hydraullo model tests ‘were: madol.ﬁx~ -

. flModel Studies of Penstocks a.nd Outlet Works, Bul, 2, Part I,
,;_ Hydraullc Investlgation , Boulder Ganyon ProJect ansl Reports..

L Model tests. oen. only bs Wholly satlsfactoraly extrapoVated
“‘ﬂto~ths prototype when the hydraullc IEWS Whlch oanse the losses"




‘are .fully known. . These heve not “yet been developed for entrances, |
-bends, ‘and branches. 'Thus :sven after ‘model tests, estimates for

‘these ‘items-are subjech tb‘:oon_sidqrable_gm'goqrte;mty-'_ St

| For 1-.;-;5:511&;»‘19,‘_.,‘“,‘1‘11@5,2 ‘4171829 :.";Pré__sen"b'adi'brénidh “j?ids‘s”e'Sihe‘réts_ured o

"2-,D1_';.‘ Ing. ,;T_hmna,,‘;Hydra"ﬁl:ic"Lossé’s;’in-x’i’ﬁi?és 3 Paper .:%_Q,,:f:[‘réhégo—, e B
_ -%tions World ‘Powor Conferencs, Tokyo 1929, vol. 2, ‘PPe 446=T2, .

‘. ina O.S-inchpipe ,‘-fiée.“d':hié ‘from a 1.75-inch ‘manifold ‘%_(JRe"ynbi.ds

. number :about:225,000) 4 The results ‘of ‘the Bureau's tests withe
- -model similer ‘to his ‘but six times the size (R =:800,000) -ghowed . = . -
+only .gix-tenths the loss.he found, ‘though & decresse with dnorease

An ‘Reynolds :number wes :neither indicated from ‘his data nor from

‘the Bureau's testss What the :coefficient of loss would 'be for a o |

. prototype :30 ‘times still larger, cleariy remained in doubts It
. wag: resolved, therefore, that when the fi eld performanoce ‘tests of

. ‘the'needle walves were run, as much additional information bhear
Ang on ‘the performance ‘of ‘the installation as a whole should be

-obtained -as might be found ‘convenient. - _ _ -
L i This 'if@ﬁér:;re;pdri:‘s ‘the tests with information of the i‘ollcm— _
S (1) :Ne edl'a'-f.vé.lv:e "ﬁ.c.;'r‘efficieﬁts ‘of d;z.s uhar ge &t "ﬁiou's opemngs 0
- and ‘heads; /(2) relative discharge of .different fully .open needle

 ‘walves-with various ‘nunbers -of walves discharging; (3) welocity

- ‘from :the *:_nndél-‘f ‘

distribution in pipe at entrance to :needle -valve; (4) coefficient -
of ‘discharge of -intake tower in terms of -piezometric .drop from the -

~-lake to the inside .of ‘the tower; /(5) ‘hydraulic friotion factors;

(6) coefficients of loss for o combined entrance bend and for.a .

“branch intaks, :end ‘£inelly (7) an .over-all cheok .of :the 'per= =
‘Tormance of the outlet works ‘s . compared to the results ‘obtained = -

| ‘The ‘Upper Aris dacna outlet works was «chosen ‘as ‘the most suitable

- location:for making the experiments, = Here no main units yot were

‘operating and by using their penstooks as piezometric .connections

%o ‘the main pipeand by wasting through various .combinations of -

~the .canyon=wall ‘heedle ‘valves farther.dowm the Tine, -with dis~
- -oharges \up £07204000 second=feet .o satisfactory determination '
* . 0f the ‘hydraulic grade ‘Line :eould :be-made from-which fitting =~ -

" losses .could :be ;segregateds Three groups.of ‘tosts vers made: - -

| ‘Those of;|.937, 1988, and 1939, the first ‘having -already ‘heen pro- -




- :»ﬁ‘ié’ib_mll-y rspor'l.ed.z‘ The 1937.'306:&%5;;i’n_c’f].uded co:ztple‘bi-:pn.tot '

i =.~3:'Memorand1m to Chj.af Engineetz, Jahn Pamak:.an. May 1. 1937.", :
Burea.u o" Reclama:blon. : ‘ L

: vy"" .

| .‘ '*tra.verses i‘or 3) d.:.fferent va.lve sett;nas oi‘ 8. s:.ngle Bé-imch

waste valve with: ‘A’ s-batic head of 218 feet; the 1938 'bests in- g

‘-oluded 8. pitot traverse ‘Por the Pully opened va.lve, plus’ mmerous_

- .piezomatric :profiles, wusing various .combinations -of ‘the valves

‘rdischarging ‘fully iopen: - The . static head was 281 foet; end the.

 +tests .of 1839, :most ; acourate -of:all, using improved equipment ‘and "

. ‘technigue, inoluded ‘a Aineld pi‘l:o'b tra.verse -at = gross head :of 35‘

e _faat and supplieﬂ var:.ous data mss:.ng in. the sa.rl:n.er exper:\ments.

- In: th:.s nemorandmn 'bhe three se'bs oi' 'bests .are trea.'bed as’ L3 '
.-si.ngle .series:and ‘are: presenbed as & umite “First is given the -

e :expermanta.l layout -and “the .oalibration of the: instr\ments-'next 2 e ,
the field :procedure and suxmnar:.es of the:field ‘measgurements;. then ;5

~the discharge cmputa‘b:.ons ‘followed ‘by the loss coefficients;
next, & comparison of the results with the. model tests s a.nd, i‘i—
-mlly, 'bhe disouss:ton and conclus:ons. ey L

“The i':.eld wm-k oi‘ the 1937 a.nd 1938 *tasts we.s d:.reoted by

* John Permakian and that of 1939 by N, G, Noonan. Especial appre.' s

. ciation is dus to R.Eq] Kenned,; who ‘made the lengthy -computas.
+tions and who was untiring-in tracing down ewrors.emnd dmsing

“/meens -of :sonsolidating ‘the. data into easily .appreciated forms. Ths_-: B
' ;model was ‘tested ‘unter ‘the - diret:'bion ‘of -Jacob 'E. Warnack. All de=- -
:sign ‘and research work :is earried.on: amder the direction of J, Le o

Savage, ‘Chief Dess.g::ing ‘Engineer -of- the ‘Buresu of | Peolmtmn.
A1l engineering -and .construction: ‘work was ungder -the direction ‘of
the "late Chief Engineer, R, F. Walter, and all activities of ‘the.

‘m.'bh haadquarters a:i: Washlngton, D. C. -
i EXPERWM‘AL -:zwovr L

The Upper Ar:.zona. outlat works ‘as tasted (see plate 1) 15 es-

8 "ﬁsentla.lly ‘as follows:: A:30=foot -inside .diemeter intake tomr ad- o
umits -water ‘horizontally by means of radial ports: .controlied by the . . AL
‘~upper cylmdr::.ca.l ge.-l:e- the water -bha.n turns and flows vertioally__:_ (R

. Bureau :are .under the: general .cherge of John 0. Page, ~Comissloner, S '




, downward a distance of 57.2 D; anters 8 90-degreb vertiue.l bend e
AB/D = 2.1/3), turns after Lwp~thirds d:.ameter of tangent through
. 8. 40~degree horizantal bend" (D =), 'a total distance of 74D,
~‘then passes. through 10,4 D of ' s{.raigxt 30=foot inside diameter -

_ steel welded pipe to the first of the four 1S-foot,. T5=degree. pen-ﬁ

" stoek offtakes to the ‘powerhouse, spaued dbout 5D apart. One and " -

-one<helf diemeters from the Yast: of. these, the main penstock is - 7

reduced to 25 feet in dimmeter; the ‘reducer leading through 7 .5 D
‘of sbraight pipe to a menifold from. ‘whioh, 'at anangle of 60°,
six 8-foot 6-inch branches 22 D long (pipa intersection to valve
- face =188 feet) discharge by'meens of & reducer through 84-inoh
needle valvess The main powerhouse mits were not ‘operating’ at’

the time of the tests so that their individual penstocks could: be LRSS

used as piezametric comnections to the main pipes: In a" ‘similer’
‘menmer,, by dlscharging through waste’ yalve V-A2' instead of V-Al,»
-V=Al penstock could be used to ob'l-.ain the piezaune't:rm grade in
~ the menifolds Plete 2 indicates the: elaborate system-of over a- ﬁ-
mile of: pahpi:ng and 50 walves as J.n.stalled for the 1938 tests so
thet' differentisl . measuremsnts by mercury manometers. ‘could be o
taken between the intalke tower, pawerhouse, end valve house, S
‘structures nearly une-qua.rter of a.mile apart ha.mg a mmmz'n
difference of J0O Teet in elevation.. In additien ‘to the. differ-
ential mnameters, numerous cahbratea Bourdon ga;es were used

for obtaining total pressures, The gaging’ station for the pitot .

traverses by which the discharge was measured was just upstream
- aof V-4l valve in the’ 1937 and’ 1958 tests a.mi in '’ similar posi- '
~fiom’ on V=44 for the 1939 test. ‘Both V-Al an.d V-AG were equxpped

Y withia et of Piezameter. rings 125 feat a.part for measuring’ ‘the -
- frietion’ lossas with :.ndividual oonnectlona o ea.ch separate -

‘;_m.azometris ‘opening sw ‘that points could be read. separately. Thé
. drep of the water swfa.ee within the tower in'bake wasg read by di«-
‘ -:‘ee% measm:'emen:b ’by a steel tape i‘rom a bench merk, o

o msmmms AHDTHEIR GALIBRM'ION |

b ’ !
N

Pitdt 'l:ﬁbe's. Ihe d;scha.rge measurements for determining 1.he

eff‘iciancy of the turbines made entirely apart: f‘rom the. prssem,

- tests were obtained by the Gibson method (tests of Optober 12,
1937 on ' N=3 by Norman Re Gibson)s It was desirable, in the cage’

of the outlet works, to. obtein in addition’ o the daacharge, the

- velocity distribution in the 96=inch approach conduit: to the ;
- meedle valvess  For this purpose & rugged, :unpa.ct-static pztoi. G

7 kube was designed five-eigh‘l: -inch diemeter .and 14 inshes: lomg ¢
~ (plate 2), ‘Velocities up to 85 feet per second, a5 well as come T
*-l,_sidera‘ble tur‘bulence, were anticipated. To wzthsta.nd the fomes L




-.uwolvecl ‘B palr of streaml:tne stribs 2 5 :mches *t:hlck at. thezr P

“- midsection and set at right angles ‘to'one another were holted in-‘ e

- to the conduit, just upstream from the needle velve' with- their
".';oantara supported on 'its point. In the lea.ding edges of ‘these

LR :gtruts ‘e ;groove was . ‘eut in- wh:mh the pitot tubes rode ‘a8, they
T ‘itmmsrsed the seotmn. L i e "

¢A commerc::.a.l replioa oi‘ 'bhe pitot-s‘ba’cio tubas used in 'bhe

field was ealibrated with the streemline ‘strut at'bauhed in s 3DD-'”_1_

faot, straight, ‘stili-water : rating -chanmel :6.:feet -wide, 4 :fest;
‘desp :at ‘the hydraulic. 1aboratory «of the Colurado Agr:.cultural
;Exparmen’c :Station ;prior 4o the tests .of. 1937 and: a.ga.in in 1938. ‘

~ .The .calibration was mude by mounting ‘the ‘tube on:a oar driven by |
.. an induction:motore The ‘travel .of the car, smulta.neouslv with -

the 1bim.e, “WBS e‘.i.eot.xoa.]:ly recorded ‘on e tapem A man ndmg on.

- the ‘car recorded -one ‘to - :six readings of & differential: water . :

. ‘menometer.connected ‘across the impact: and static’ legs ‘of ‘the tube
':during “the: midhtmdred ‘feet of the oar “travels “4n investigation

of the- acnura.cy :of ‘this:method of ratmg showed that while the
“time ‘was :aocurdte ‘to one<tenth .of | -one ‘percent, the rate of: traval_ PR
-of the ‘car “war;xed ‘by :about two:and ione<half percent on - scoount ‘of

zthe vary:mg :pull : of the - power «0able dra.gging ‘pehind the ‘cars .
S:mce the exact ‘time :at which manometer readings weye staken Was

. not recorded, the. ;possibility of the maximm error of ‘about jone -

-and oneqfour'bh peroent -exists in‘the tube coefficient .as. ob-ha.me&

- from-a single rune ‘Anelysis of ‘the’ omnputed results fror several

. - runs “indicates a’ probable :precision.of .about 0. 3 “peroent ::.n the :
-.:mean coaffw:.en‘bs as. datermined fromea s:mgle seraos_ 2L runs:

: ,"In th:ts repor'b unless othervuse spec:.i‘:.ed stated fn.gures axpress-"f
“‘ingithe: rel:.ability .of “the result.are ‘the vrr:uber‘s estimate of

tha‘ robable error. “In most: ‘cases. enough ‘date -are -not a.mlable A
g T anything ‘but & ;guess but, in ‘the: writer's opinion,

;'bhass da.ys oft prolii‘io hydraullc experment,, ‘much of it oun-
fl:m‘blng, ‘there-is an advantage ‘to- the reader in: having the -
author give :some mdmat:.ou of the. rel:.ab:.llty he plaves on h.'Lb

worke.  Tn: using the - rubable werror as .an index. of preo:n.sion, it
should “be kept - m'mj. d “that the ‘True . erm i may frequently be *'

B varying Velﬂ"lt:.es, tmd of about 0,.8 pement 4n the coefi‘iclents
© &8 .obtained by dlfferent obﬂervers on. diffarent days. G

o 'lw'_'_The%tube was ra.ted f:.rst for varylng degrees of p::boh and o
i yaw w:d:h Jrespeot to the ohannal a.xis, s:mce the gaginn‘ s‘bab on"




.. ”-t Bﬂ‘ﬂdﬁr is JUS*- ;'1\1P_¢l=raam .f:rom ‘the needle valva and rconsequent-'; "
13' 'bhe streamlina&" ussing the sactlon were s‘l:u.ghtly mxrvad‘g—

Ly

gc. N Za.nga.r .T"E'braam Lines Ihrough zBo_txldéi'__ Dem Neé&le Vé;l-&{;s;_!' E
June 17 1938. Rl R LT e e T LN

“t"\;‘;"fzj.seoond' it wasl ra-bed *for mll efi‘act tha'b :Ls, to deternune tha i
- <«chinge “in.’ coeﬁ’:.clents ‘a8 “the - tube neared the w&ll-*anﬂ third, 8.

* ‘debermination was :made :of the ‘effect of - -arrenging the: nne-six— 3
‘heen'bh-:l,nnh .Fhatic . openings in three wrings with Tour apenings per .

. .Ying,"ias’ ccmpared to Ehree 'rings with two . -openings ‘each in.a plm

: ‘normal ‘to the’ pitot ‘handle, The 1at1:er comstruction: was thet of
the tube reted 4n 1937 Bnd reported in ‘the 1937 memorandm, -al= .

- though ths ‘tube :as ‘uged in the field, both ‘in 1937 @na 1938, lhad R

the three ssbs of four ‘holes,

The reaults of 3the rat:.ng'tests are snovm on’ plats

tests ‘indiowted that ‘the sdded static holes inoreased sthe cnsffl-:' C
UL edent from 04918 o ‘049384 "This aouclusa.on must be acoepted with -~
. rTeserve. ‘and ‘with- eonsideration’ ag-to the ‘acouracy of ‘the tests, -

- It"is .seen: th&b up +010 ; degreas thare Ais smeld change dn’the oo—f
: eff::.czant ‘with mrying ‘pitch ‘and ya.w. :The .effect on the «ons.ff:ta

A ‘elent :as the- tube neared ‘the wall WS, huwever, prcnounoeu. Im'

~‘the prototype a 1~ /by :10= by 10-inoh plate was required to fasten -
- ‘the streamline strut to the ‘pipe wall, the upstream ‘edge of the = .
-”plate oe:mg aboub 3 :mches downstream from the static openings of.. '

.. ithe tube,’ A reflected full-soale model of tho wall plate, -sbrit,

and 4t was found that when the pitot tu‘be

“was dooated 2<7/16 and . 7-13/46 inches ‘from the: well, the pitot. eo-‘ : o

efficients - Were ! 0.878 and04922, respectlvely, as. comparad 5018,

walue. of (04833 for-a location : .‘E‘rae from disturbances Tt is est:.-.

meted the correspondmg ‘walues -for ‘the : iprototype will be’ 04893
and 104925 o ‘ocount -of the thigh ‘value of the - veion:.ty grads.ant :
. @8 Lhe - wall s -approached.” Fmﬂly, _9,11 .coeffivients were ine
. Lreased by 0.01 88 an: alluwanue i‘or &he . alightly curved stream
e ms- Tl ‘ ‘ ) )

: Fﬁllowmg 'hhe,\193'? rat:.ng tests ina at:.ll-waber channel, o
8 a i-.est; for the constancy of ‘the dube :coefficient was magde by s

‘ ‘plaeing the tube without its" supporbing strut - :Lu khe', oe:rber of a 3 o

. pipe and subjeating it o velu
S Ne - m;iat.ion of the poefficient

S ;_"‘r;of course, sthe nnefﬂoient Atse:




o An :unpaot-s‘batic tube ‘is an- 1ns-brment deszgned to measure
the d::.fi‘erence ‘between ‘the. total energy ‘and" the pressure at a.

given: point “4n the BTOLS ‘segtion.of ‘a conduits The. impaot 1eg, o
a8 is well: i:nown, measures wrbh nsglig:nble error the total ‘energye

R ‘On’ 'l:he other ‘hand; the - static opening, instead of reoord:mg the -

. prassure as it exzsts in the stremn priar to the introduction of ‘
. the i.nstrlmmt, reoords the xpressure in those parb:.cul‘ar filaments |
. passing ‘the : openings ! : o
- . ment and. its s@porb ; ‘ :
o atil:l-water ‘ohannel, what is o‘ntainad is :n.ot A ooeﬂ‘ioiant. wh:.ch E
applied 'l:o ‘the' inq:act-stat:m ‘reading will -give the welocity in =~ =
e : , 3 tibe,- but.a ooefficient which re-‘
_presents’the: mean : valoeity ‘the sections The retio which the
- velgeity in ‘the: filament passing the impeot .opening beers to this

- mean ‘welocity waries w:id:h the par‘b:.cula.r shape and’ a.rra.ng;ement of

the pitot tube ‘and ‘its supports and on the percentage c‘bs'truction

x wh:mh 'bhﬂy:_:_offer in reapect to '!:he tots.l ornss sactlan.

- The fstreamlme struta "used to’ supporb the 'I:u'be in the B-i'oot,"f |

;. diame‘her p:l.pe ot Bou‘.!.dar mctually’ ‘occupiod 6-—2/3 perce:rl: of the
1. GPOSS *CTOSE" ‘section :ag - compared with two percent which existed .

' in the ‘rating ohannely A ‘two-dimensional investigation by the

_ eleotr:.e analogy methud f‘or ‘the effect of vary:mg pereen‘cages e

",,’

‘ "', 5llanorand1m de: E. Soehrens - P::.to-l: tuhe cal:.brat:.on for Boulder :
’ Dam m.ﬂ:let worka, April 5, 1940. : 5

oi‘ obs‘bructmn on’ the uoai'fn.clant 1ndlcated (ple:i:.e 2) the need o!‘ L

increasmg the: coei'fic:.ant by & ‘mean :amount ‘of two percent. :t‘or
use in the fields This inorease was applied as & varisble core
rection at each gaging . station (table 1 and plate 2) assuming the
watier to flow in annular rings in ‘cach of whloh the struts o:f.‘fered‘ "
‘a dii‘i‘arant peraantage obstruc‘b:.on- : L _

The prelim.inary 1957 raport usad a oonstan't coaff:.clent oi’ '
CP =.0492 %0 a1} readingse The. ccmpa.rable coefficient from the
_ asen'c :study making a1l the connections and. 1nc1uding the efi‘ect
: of the strubs is: cc;p‘j’— D454 ThlS applies to. the famla i




ae gross area 01‘ sect:.on, CP - veloclty coefflczen‘b and

H= ‘mean of the- impaotws'batio readmvs (20 in all) toaken ‘at the
ocenters ‘of five equal ‘concentric areau i:n two traverses a.'b r:.ght
*angles tu one a.m:‘t:her a.oross -the p:.pen o : : : :

It is 'bel:l.eved, in spite of uneertuint:.ea 1nvolvad in' de‘ber—
- '-m:.mng & ‘pitot tube ooerfmient from e reting in- a stillewater

" .channel at veloc:’rbies ‘limited to 15 fect,per ‘scoond” for applica="
“‘fion in turbulent water et high velocity, at a: ‘location where mon=
parellel flow -exists and with struts in the p:.pe ‘to ‘support the
tube, the meximum renge of error in. the’ rating is: not likely to
- exceed ‘plus or minus one and ‘one=half parcen't with =& probable:
“error of perhaps one~half of ‘one percenta Certain da.'ba. ooni‘:x.rm—
ing this est:unate w:.ll be givan le.ter:.

. Prassura-racnrd:mg; matrments, ca}.ibrat:.on, a.nd correctmns.
The hydraulic measurements :at Boulder involved differential heeds
up “bo 100 Peet of water and total heads of the order of 350 foety
" Although it would hawve been desirsble to have had speoial exper:.-‘ '
_montal instruments for 'hhe measurcments, . it was: ‘docidod to mako -
use of ‘the commoreial Bourdon—typc p:"essurc ‘gages bought - in connoo- ":
“tion with the oparating.; equlpmen.t.‘ These had 6-inch dials either
_‘_gre.dua:bed ~in 5=foot sunits wp.to 500 feet of water or the’ equ:.va— ‘
' lent in pounds with divisions about 3/16 of en. :anh aps.r‘b. , Read«- ,

‘ings ‘were. in'berpolated to the nearest foot. ' -

The gages were oalibra‘bad pr:n.or +0 the *tes-bs in e dea.d-w«nght
tester using water gt 94° F. ‘One-pound woights wore added wambil
the gages read at -even dwis;.ons. ‘Tue to lost motion in the in-=
' ,;strumen‘bs ‘the’ ‘ealibration with incre'a":.ng loads as- compared to:
:decrea.s:.ng 3oads differed by as much as three fect, - The correo=
“tions were not constant .over the renge of the gagu, varying up to.
20 feet but were :sensibly .constant for “the range of ficld measures

monts, Analysis of the errors of tho oorrocted field readings ine

~diontes o ‘probable procision of about 0.8 foot for a singlc road-
“ing, tho ronge -of .orrox boing. * 34,5 focte ‘The oxtont to which ‘
 this error was redused by repeated ‘observation snd by the plot of

~ graphs is’ sbaken ‘up ‘in the detailed discussion of the ‘resultse The :

1938 ‘tests, ‘in addition to the Bourdon gages, made use of differe
ential meroury menometers -capable of reading up to 20 feet of - . .-
. water. ‘These could bo interpolated to Oel inch of meroury (rough-_‘ .

1y 0,.1 foot of water) with a probs.hle error of o.bout thls emount. i

The gage* wero connected o the lower ends of the 1ndiv1dual
: penstocks which served the turbiner' -and needle: valves, and which
took off at an everage, a.n'rle of 659 i‘rom the mtm:.fold. The tur-




i ._'zﬁihes ‘and ':iale?e_ were not -':.oj:gré,ﬁa,d‘;.a.‘t’{fhhé._fjﬂ;“imés':f:r'-‘eadi'hlgs‘rio_f'the e
- E8gos wore made.  Sixteen runs from the modsl* showed that the -

o "‘\';Tliisfamo:léﬂ.‘_‘é&i@' ‘ot ‘have ‘the two wefﬁidé.i.d{aqinoﬂ"diﬁiieber"'ﬁ‘iés =
- -'used for structural ‘reasons in ‘the -prototypes It is believed
.. these would not 'have .effected the pressure registravion of the.
CUBBEEBe e e T T

| ‘pressures registered :at.the ‘end of the -penstocks acting ‘as piszom-
| eters resulted in the ‘gages Teading :040thy in éexues‘s.of'thq;émean o )
- Ppressure-at the junction as determined from ‘plezometers on each
. :8ldes -Corrections of this -amount were applied to the penstook
cooremdingse oo T e T I e T R e

FIELD :PROCEDURE AND SUMMARTZED FIELD MEASUREMENTS

_‘Genoral, The field measurements were made mder-handicaps = -
of 1imIted Time, widely sepsrated -cbaervetion ‘points, and none ¢
technical observers, the latter cansisting of nine men taken from .
. the maintenance crew of ‘the powsr stetions Although deteiled = -
- - test programs -were .set up, wvalves.were ‘labeled, and telephone ©
- roommund.cations :were installed, it ‘wes: impossible for the emgi~ -

aser in charge to personally meke sure instructions were exactly
~oarried out ‘and, as-a'result, ‘in the fisld records there ‘appear .

- %o be-missing entries, reverssd manometer readings, etce  The fact
‘that, exoept for ‘the 1937 tésts, it was necessary ‘to keep in oper-
ation & small turbo-generator. diwerting ‘through penstock ‘P-A8, up

. %0 :800 second=fuet of ‘water, -introduced a warieble, which while

. not ‘inportant -in the finel -acouwracy-of the results, made it dife
 ficult to check readings in the field and oomplioated compute~
tions ‘in the :offices ~This quantity .of water equalled 26 to 2

- “percent..of the water. being measured, .dependent -upon the -pupber i

of walves -in ‘operetions T B R E - EOEE e A
.. Andividual test runs were conducted in the following manners .
Lrs the required number .of ‘84-inch needle walves wWas. opened .

%o .e'lixed reading on their indicating “dials, usually the 96= " °*
‘peroent reading, This opening could be controlled to within o %
-ahout ;one<half of one-pervent, Afteér a wait of Pive minutes for
~the flow to thecome .steady, telephoned :instructions were given to

- “the -various .cbservation points for readings %o ibe takem, ‘Next,

" plezametric lines were bled to climinste air and +to enliven the =

n -




.

,rgagea. then the maroury mancmsters were sunoessivaly p‘.laced :ln IR
seiroult: wj.th ithe ‘degired differential jpoints of ‘measurement by - .
-opening : a.nd :0losing ‘the: a.ppropriata ‘gate velvess For 'enmp‘.l:a,a S

. (see‘plete: 2) by ‘opexning the powerhouse :manometer between P=Al'
:and PwA6, “the Loss in head ‘in 1046 'D:of J0=Loot. E]p:i.pfa Wag ob‘l:a:l.ned.-,-

by placing it between 'P-AS :and ‘V=Al with V=AZ : ‘@ischarging, ‘the
‘loas -across the 30 by ‘25 reducer :could 'be: yead.  Fluotustions of -

4 or B dnches ‘in the: meroury ‘olumns ‘wers dampened by par'c:.dlly R
'olosing ‘the 1ine ‘valvess After the memometer readings, the .abatio.
- ‘Bowrdon gages were “Yikewise ‘commeoted to the apprupriate puin'bn, R
_ ‘rea.d,, a.ud "hhe readings oheoked by mother obsarvar. e

The 1937 Tes’hs |

(April 1937- rasemrir elevat:.on 10533 1uwar gate ;_f'
A : <o Antkeke tower :opens’ oo units ‘operating; water ST
a _' BT, tmerature 55° 'F.. -, gag:mg on V—AJ. 5 ‘

Masa. The 1937 'beets were nrranged for the folluwing pur-
poses. ' ] : . - .

~1(3) To- obta.in by c.omplete pitot traveraes, for saoh Supemen:b
valva ‘opening, 'the ‘complete :discharge performence of the Bd~inch -
~walve -on V-Al" conduit; :simultaneously with these readings were
. measured +the piezomatr:.c ‘drops ‘between two plezometra.o rings o
placed 125 :feet apar‘l: .on-the same condu:.u, ‘ao ob‘ta.in 8 permanant— e
1y oa.llbrated measarmg seotion. )

_ (2) To ‘obtain: the p;ezometric drnp between 't:wo piezometrin
tings 126 :feet :apart -on -the V-A6 conduit at- varying wvalve .open= .

. ings; .a.comparison of -this: drop wrt;h -bhat of V—-Al wa.a expaofhed
-~to ‘rate" valve V—Ab". S Ly

S (3) To obtnn ‘i:he tota.l dimharge i‘or the ent:.re oa.nyon-mll o
o -ou'blet -works: for any .combination of the six wvelves by. observing . -
- .the :similtaneous piezometric .drops.of V-Al and V-AS, and from = - -

- "bhose ‘interpolatmg 'bhe disch&rga of 'bhe intemediate valves. .

¥ The orig:.nal data. of ther tesbs are g;:.ven in "Re'port of - Tests
" on ‘Arizons : ‘Cantyon :Qutlet ‘Works iby .John ‘Parmalkian, May 1, 1937" -
and 8 SURIATY, ‘in- which the original readings are converted. into L
.- welevations in ‘Feet jis given in tables 3, 4; and 5. The obserwa~
- ‘ions are. ‘“deaﬂ-welght-corrauted " the eorrectmns ‘having ‘been
e rapplied ot the time : of. ibaking the observations fromid ta.ble of
- :errors’ obtained frem the (dpad=weight gage calibrations. It il
be noted ‘l:ha:h wthe elevat:ons for zero flow do mt oo:.ncide wrbh o

‘;:-1.23'51 -



o :];s.the lake ‘slevitionss [From the; graph:s Atis ostimated that 05

! Poot end 1140- i'ootlmust be ‘added to ‘the’ pitot -and ;piezometrio gage _
_-élevations, :respectively, ‘to: :6btain itrue values. ‘Both £ield :read- 1
. ‘ings cand -dead=weight- uormotions were made ‘to the mearest half a

. pound } (142 /£t),, Which means that £rem ithi s 'oause .along a single
reading may ‘have an: seyyor.of’ 0467 i’not. 3Lm;'ger ierrors: douhtless
roceurred gince, i‘or empla » ‘mder 'zero. flow conditions, ‘both’

: ~ “the piezameter ; 'gage on .the; pens'baok rangd’ tha=gage on. :lmpa.c'b leg of

. theipitot itube:iere: 'Teported ‘to iread 84 ;pounds (194 ift.),," whereas
© the geros jof: ‘l‘he gagassdiffered by 1el:feots’ mInd:l.vidual tn‘b&l B
'%;pressure .gages were cconnected to :read the “dmpact end ‘pressure
‘openings :of the, pitot “tube -and :the samafupplies to the ‘two : p:.ezom-

-eter:rings ;placed for:determining the drop ‘in‘the conduite :Sinmce =

forithe- :E‘L.llyropened wilvethe mean ‘Impact-gtatic: {difference: in
ithe firgt.case ‘was' 2b pounds, ramd 746 ;pounds - forithe secona, :
0.5-pmmd mrrorJn ‘& ‘single reading would- imrolve correspondlng
~errors jinithe velooity of Wanda - ‘percent, respectively. o
‘half=gate ‘the rerrors:would be approximately:twice -these ulues. e
mtiple readj.ngs ordmar:.ly ‘tend ito ‘inerease: ‘the ‘acouracy’ hut "
inthe-oase :of ‘the piezameter rings even: “though ‘the fourconneo- -
“tions- were read : separ&tely, with gages:calibrated to:read the
;same, errors :less ithan! half & poﬁnd are apt ‘to remain. l[easure-‘ S
mentsﬁ‘below{half-gate ‘therefore, ‘may be considerably: dn. (@rroYe .

:On_the:other hand, 'the :pitot gagings, with two:different tra- S

“Verses Boross 'bhe pipe, :each ‘involved :20- varying impaot-static
diﬁ’erenoes 80 “that ‘the .error in’'the mean velocity:should .be only
‘r‘.of the order of om-quarber o:t‘ tha.t obbained from a: s:mgle read- :

The 1938 Te s'bs

(April 1938- reser-voir elemtion 1102.3 - 1103.5;

: ~upper,ga.te ‘of ‘inteke ‘tower -open; ‘station wmits
‘ausing [ 300-800 - second—feet,; water: temperature
54° Fi ;';pi‘bot gaging oL V-Al.) S R

ose. vPreli:m;nary qomputa.t:.on i‘rmn the 1937 data ind,i-

‘ -4‘-:'écxbed an (mexpectedly ‘lenge friction loss .as-well as aniunex- i

. .j*{ﬂ;jplainable distribution :of: Wlocity ‘inthe - ga.ged .sections "It .was
- ‘decided; thez:efore, sthat ithe 1938 teﬁts should he wmprehensiva

o '}.:;and :mclude tthe ; followi.ng.

- (1) Ecamp]:ete gagmg of - pens+ook V-Al with the valve I‘ully
. g*openﬂfoz' cmnparison m.'hh ths 193'? gag:.ngs.\ N




(z) Cmnplate da'hem.i.natians of. ‘the hydraulm gra.de line from ,

the ‘Take ‘to the upstresmiPace ‘of ‘the ‘valves ‘for wvarious combina-
~tions: of velves: disoha.rging fully 'open, “the relstive discharge of

- “the wvarious ‘valves ‘to ‘be ‘dotermined. by uompariaon of. tha relative
- pressures e:dsting a.t each valve. '1:‘ ETRE S

The equipanem: an.d. rating o:r. "L'he‘ aPParatus for these tesrl:s hav'ef:f':, S

o alrea.dy ‘been ‘desoribed, ‘With mumerous:direct readings :of Bourdon .
. gages to: ohaolc “the differential: mmmetar ereadings, ‘15 was expac=

7 <bed “that’ ‘thetests would be acourate ‘and /sampletes - The ‘tests ex—

. tended ‘over ‘a jperiocd: sof three idays : md,fully ounupied ‘the ime : oi'

the rnine:men . angagad g0 “that 1t was dmpossible o male - uomptﬂ:a--

“tions:inthe ‘fields - ‘It was only wenzcomputatn.ans ware made ‘in.

' “the.Denver oi‘fme 'l:ha:t kA ‘became :obvious ‘that some .of Athe equip-
_:ment ‘had ifailed 'to:funotion end that, ‘in many- ‘omses, “the data
- were: dncumpletem By zplotting -emd -oross .cheoking, it hes proved

. :possibleto -6¥iminate :errors end ‘to obtain: swpfiaingly cons:mbent ERRT:
o oregultse ‘Weveri:heless, ‘in presenting :the deta, it is felt:mppro- =
 priate tv mention:acme of ‘the difficulties both so-that’ ‘the proébe. -
o ables accm:a.qy -of ithe \mrk can tbe Judged and., «the fut:ura, simi- R
T ; 1n.r trouble may be avoided. i ‘ L i

. Refereme }to pls:t:e 1 w:.ll make clear the 1aua.tion nf 'Bhe
. :mious points for- which field:data are’ 'habula.ted. In the :atme -

‘marized :resulis the readings from-varicus runs: ‘are averaged in

-aceord with-the number of “yalves -gperating . regardless.of the .

-';__‘*partmular va.lvesv;t;pen; ‘that: is, the total Tlow s eonsidered

. ‘the seme-with V<Al and V=A3 open as with V-AS anc V=A8 disoharg-
. 1';.ng. Moded 'hests shaued“this assunption ‘to be true withinqan = =
. sarror:of :about ona-half wof a paraent wha.ch is beyond the mcmay;-:-‘ i

S of*l:he present tests. RO

; *i'rom lakaa to inha.ke -bower. Tke mter sur-."f
L . QRS i ; ko tower ‘were obtained by messupe : -
. ing :dewn from:a’ ‘bench: mark to ‘the water :surface with ‘a steel: ‘tape

_ ;and were :recarded to the mearest -hundredth of :a foot. Zero: flow

rae.d;mga .could ‘not ‘be taker as the .exsiter: WAS ; con*bxmmusly on
the 1ine - drawing -a amalliamount  of ‘water. 1Fluoctuations .of -the
. -water aurfece: within the tower - increased with ithe ‘flow,: rsaeh:.ng
. .aimaximum ;of {041 foot for a1l zates ‘open. -.For .ons wailve . d:tsaharg- =

*ing, /the drop. of ‘the waber : surface sthrough-the :screens -was meas=
. dred 88 jless. than: 1/3 ;inoh which Andicates ‘that for ‘aix walwes

. -open-the loss wWould be less - than 0407 ‘Loot .or :04008" hy (tﬁlanirty' L

‘head is’given in‘terms iof ‘the" 30-1‘001: pipe) whzch can b nagleo-

_-,,ted in thekcompubatmns. L SR

| Tt’hed ‘been expsobed that the lake levels would be obtainedf_‘ 5
‘,:from the continuous reoords of‘ the autonat:.c gage negi:tering in'




ithe’ pawerhouse ‘and that \they would e heleed by ‘the ‘Bourdon zage
~von'PeAZ, ‘whith was comegted tothe lake ‘through the unused “Lower -
‘Arizons manifold ‘and ‘intake 't:om. Unexpla.imbly, ‘tioth thess =~ =

T ‘gagos iwent ‘out rof (oommissicns As mozero Plow roadings (of ! any di"

' ithe: cother gages ‘Were t&ken, axcept for a single direct: ‘measurement -

_ E within ‘the intake “tower :at “the ‘beginning «of ‘the test, lator elevas: T
. +tions iof ‘the lake thad ‘to 'bo :obbtiined by: intarpolut:.on be'!:weon‘tha‘.s

rea,d:lng ‘axid  ono 'mede two days later,, wwithin whiioh pordiod - tho lake -
. irose“bwo festy "To.obbtein ‘intermediate eke ‘elevations, al‘lowanue
*(hed o ‘be.made ‘for ‘a okt e ‘dn'the rate of lake ‘rise: due “fo" +he

' /ogourrence (of an: upatree.mhflood which, aooording o0 m gbudy, Te=
o qu:lred about A day ‘to ;reach “the weservoir. These: Pacts result in - -
ra’Pange:of ‘unoertdinty iin the ‘lake ‘élevations estimdted at afbout

10405 oot “for the ‘iret day and ‘0410 Fost ‘for ths second day «of
the testa, the r:.ae in ,the laka being astimatad a‘b 1.2 ?i'ee‘h.

Field mea.surements of the drop :ln the wa:t:er aurfaca betwaen -

zﬁ 'hhe 1ake ‘and ‘the interior of ‘the itower have been plotted onplate
- 3 againatithe: piezmnatrio ‘drops. be‘bwean Papl rand P=AS which were

- ‘meamsured ‘with -a'mercury manomsters The:maximum’loas: neasuredidr |

. ‘the latter, /3498 ‘Peat, s ‘estimated to ‘heve an :accuragy . of: about.
‘ong pereent, While ithe :gtraight line: ‘drawn ‘din- +the graph giVes R
: gaod approximation to the tpoints, - md:.oa:bing but- sma;l“.l. '@TrOrs | 1:;1 - T

‘measurements; ‘a ourve, :§1lightly :concave downwards :t‘its equa.lly
wall, ami it is inrpcssible to choose ‘ustweeu them. ;|

Piezomatrm B, leke to mean =~ Pekl rnas. The fpiemat-}'.
ﬁ.c cgrade in ‘the 30-foot penstook: haaﬂ.er at a point midwey be=~ -
tmaen ‘the P=Al 'and ‘PasAB zpenstooka WBS datamined by using the -
' imeen-readings of ‘these -respective gages. This" procedure- wes used
' toireduce ‘the:errors inevitable in using single gage readingss

‘Table 6 :shows rthe individual . gage readings ‘as.corrested from-the . °

‘ initlael oalibration, ‘the manometric:reaiings ‘between PaAl and = - -
iP=AB, rand ithe .camputation giving ‘the plezometric :drops from: the

- ake ‘b0 'P=Al ‘and ‘PwAS. :On plate 3, “the drop fram the lake o

o ‘the mean ‘of ‘the P~Al and P=A6 ;gages, is:plotted :against the: mas;i- -

~ured :drop .within the ‘tower, ‘from-which & constant .correction to
~ithe mean:gage -readings . of ~ 244 ‘feet is -indinatedly Separate
:i'mlysis ‘ghows Pekl’ gage read 143 Peot Low: and PA6 .gage, Ba2 feet
highe In-teble €, ‘as-a Ainiting cheok the ‘drop ‘from ‘the lake
b0 P=AR :a8: measured with ‘asmercury. manometer, sopreoted by 0.04

R - also- ta.bulai:ed, and a:plot: 'shows :general agreement with:the .
. :meanidrop :aswneasured by ithe gages, ‘bhough m&ividual :ead.:mgs

) ‘éhave large disorepancies. S

- The vpiezmetnc drop fram the lelce to P-Al for the meximum

o _;folcw measured W8S ; 23.1 fee'b- the combined -error. due to all oausas'

| ::»is




is eat:ma'hed a.t a.bout 14.0 foot. This g;wes -y pvobable error in

~the: plezametrn.c drop of: abont 4*- ‘perecent. t,-thicj sta*blon. Dm\m.. S

-:stream, ‘while tany ‘absclute jerror remsins in ‘the: over-all loss, ,_‘.“jil
-bhe peroante.ge of error due x'l:o '?th:.s measuremant besames 1esa. ot

- P-Aﬁ V-aAlr. The piezoma’crlc drop from

. PeAB “%o ithe walve maxifold was obtained - by using the VoAl pens’
- :stook ‘as’a ‘piezometer - ‘connection sand then. d:.scharging through ‘the

other ‘Pive valvess /Amercury:differentisl . ‘menometor Was: used . giv— S

" Angiconsigtert : readings, ‘the ;maximum ;drop: measure  forFiy
- ‘boing “the requivilont ‘of 14.4 Feot of watoers . :

‘ ~“this manometer vrequ:n.red an: addita.cn 0fi0404 . A hy };“che dlfferenue

 'between'the woloaity ‘heads at VeAl and [P<AS, "bo £ive :a-value . e
o equzv&len'b to 'bhat obta:.ned wi't:h ordlnar,/ piezamater conneo»mns. ‘

: Approxma‘bely four diameters below P-AB water was dlverted L
‘ 'bhroubh P=AB o ‘supply thenaxol’cer un:.t in ‘an -amount ‘from. 1{ [per—

- reent-of the lowest flow: to . 12 ‘percent 0T tha:l: ex:.stlng Lor

L va,lves :opene The: quan'b:n.ty ‘diverted was’ measured by -the perfom-. :

“.anoe rourve of ‘the.axeiters - Haavy paruentage divors:.ons mtrodune'_g_ R

material. energy losses ‘helow s Jjunction‘and a rise in: the ‘piezo~

_(me‘her grade but for small; d:t.versmns, tha ‘model: tsstss showed‘ S

465nu1der Canyon "rogeot Fxna.l Reports, Pa;;f; VI,HydmulicIn- S
vest:.gat:.onq, Bul. s p. 4;0_ H R e

_energy ga.in reachmg 2% maxmm of one. percent. The appropr:xa'be e

correctlon is sma.ll md uncer'ba.m and ILS neglected in ‘bhe presen'b i“" g

N computatlons. -

. The . readmgs on:ly included values for one,' three,, four], and o
f:.w wvalves -opene ‘The: m:.ssing readings were :Ln’cerpola'bed by plot-

' ting ‘e :graph -of ‘the ;P=A6 - 4o ‘V=Al ‘drop ‘against (P-Al to- P-as imeasg= FUR e

urements. ‘reduced ;o the values -equivalent ito: “the flow An the :
svalve manifolds’ ‘This - was ‘done | by multlplying ‘the -actusl massure.

-_lrmen'bs by the square of ‘the ratio .of “the discha"ge ‘bekow ‘the diver-
- rsionito-that above ‘The oomputatlana are: shown :m 't;able 7 and the,}\j: Co
plat on: plate B : . ‘ e T ‘ Lol iE

o ...able 9 g:.ves e sunma.ry of the oorrected seu'bmn drops and
~..their summation’ and 1against: this :is plotted sthe dropas- d:.reci,ly

: : _,-measured by the V=Al: ‘Bourdon gage. -Aftar . allomng,,. Tor a ZBYD
- iflow. correctmn 0F' =240 jeet the mdlv:n.dua.l mea_ ﬁrements are T




- tshown to ‘agree withdisorepancies :of ‘the :order of 1.5 feste ‘This @ . - -
- 7 rwould irepresen; 3wl jpergent ‘for ‘the maximum measured drop of 47 .
| fests ‘Tt:ds'belisved appropriate ‘to mention st ‘this ‘point that
L the 'average ‘qonstarnt :found- necessary ‘to add ~to 'the:readingsiof = = .
. ‘the.six different :Bourdon gages after ‘their originel dead-weight =~ =
 ‘ealibration 'was - ‘245 fests Whather this ‘change in.sorrection = -
. <from thetdead-welgnt retings was dus ‘to-a change 11 ‘the tempere -
... ~ature fran ithe ‘24-degree swater of ‘the ‘calibration o +the 54 de= e
| _grees ol ‘the eat, or Whether ‘it was dve to gage hendling or to =
" -other.causes is ngtkmowne ‘Corrections of the: ‘bsme worder were: .
- - ‘Pound ‘in“the' gages used ‘in‘the 1937tests which, thowewer, ware - -
. r¢hecked ‘for no=flow conditions ibefore and .after being useds - ..

S o : TablalOg:hvesa awma::y of theprbntrgage “readmgsjinV-Al. e L
-+ ables 11:and 12 give the impact .readings at the .oenter «of the .
" “pipe for ‘varying nwbers of walves idischarging, and - various mere -

. ioury:menometer :reaiings ‘showing the ‘increese “in:pressure in the
- ivelve manifold ‘duc “tothe diversion of ‘water to“the walve aon~ . "

... The 11988 tests did not ‘indlule gagings at other ‘than 95~pere = =
. -cemt ;opening nor d¢id :the fisld date ‘include 'readings ‘&t ‘zero fiow -
80 'there is.no :method .of ‘determining ;gage congtents ;for the pitot -
.- ;esges:other-than:constants found ‘necessary 4x::411 ‘the .other igagess -
i /An‘indirset method, computing “the .anticipated drops inV-Al ms .
' :more ‘and ‘more VElves:were :opened, ‘from the 71937 data indicated .. -
. vthe impaoct ‘gage read 048 foot:low, :Small confidence. omn ‘be pleced
. “in"the ‘compubation -and- with ino ‘means ‘to .check the statio legiof
.o /the:pitot, it seems possiblethat material-residual - errorsmmay < | ¢
-texist :in-these ;readings, ‘These are ‘disoussed ‘later.in a -compari- - =

'the results of the various gagingse . .. .

- Zhe 1939 Togts

/(Maroh'27, 11959; .veservoir élevation 116%7:1;
wupper.gate -of .inteke tower opens station = | . T
umitiusing ‘617 cafese; Water temperature . . -

610 .F.. , "room ‘80  Pitot.gaging.of Vedde} .

4o Rarposes - The primary purposs-ofthe 1939-teaks was to ob=
-/ thedn an eocurate pitot gaging of the discharge forithe purpose -~
., -of-explaining disorepancies :in-the 1937 .and 1938 results, sud .
' "oiprovide :a check.on:the dlsoharges at’pertial gates by megsur- . G -
‘ing:the relative ‘heavy dosses b ithe iimpact leg of the pitot. .. =~ .. ¢
-« tubes "It.was-also desired to rate ‘the drop Promthe dake to-the




: o s:l.ntake “tuwer 80! that by th.is s:mpla me&surement an
‘T];uw through 'the fou'blet works could be obtmed mgard :

T _Jing ‘on! -t:he aline TThe ‘teat s made arkth the: exoi‘bﬁrldivemng A
‘ .of 61?_~,,=.second~a£ee'b from.Pv&B; panstcuk, am amount

i meusumd’ rom 8.’ bsnchmkwith
s gim %0 1/16' inich \(a.ms ufta)‘




l_dxscharge in
‘__“.A.l, dacresses ‘due 'bo ‘bhe inoreased

. der Hhhese comlitions ware,.“datemina .soncdf i
5 ‘-j”tive impnot heads, these bemg neasured 1:1 the 1957 a.nd’1938 tasus- PR
' (pla.te 3} : G

' :measurml:smere made*for“vm'z' ons cmnbina‘a‘:ians iof dimlmrsfmg
 valves. :An:dlternative: -method vcompmd tthe: pressure*read.ings
ijust .aheed:-of ithe valves, The: 1n‘bemedia:be vaives' dlscharges
o were inberpolatedrbetweenatha twa"’ :

‘ ; .‘tower was obrtained 'by sdd:.ng i
: ‘l:he discharge Of%he excitar uo 'bhe sum o.{' the valves:dischurges. e

20 g&gu;gs i the 11037 bests
md by measurent of t.he velqo::l:ies B.t twa points ki :!:he cross

2 ?imi.ableapi‘b@t -caeffic:.ents appropua:be ‘bo £
o ;CTO8S sectiqn, gprufz.le_s




E shows the distribubion of%' the ener,gy, ‘velociw, and pressure' acro_s.s
-:';'bhe;pipe. "It will'be:noted that ‘the rprdfiles from the’ two tbrae -
. fverses:are-in -reasonsble:agreement’ Wiﬁh*pm@mther. 'Pl_ate 5is

"Jaune J‘Williame'“ COnsiderations on’:f:lowdn large‘;pipas % oondu:l.‘b:
; tlmnels,.benda,,-‘and siphons-nJour.JInst CiE o} oy

. ‘";E‘].ooi‘by currant 4in tha tailpiece has:bee -bhxeovm away frun tha o
o noenter e.cur_va.tur ‘the: ma:a.ifold Junct:.o :l:being da: e;‘fect<"p,i; o _’ EE
.':e'reduomgAM *E-Ijt .8 i“ cdi

. h' grofile claarly
DRI < vthe: _fpresmerproduced upsbresm_,, “the valve meedle
L ‘and+the  lessthan: ‘average -pressuro at the; pipemll" o A‘ssa:hisi'y- :
Codings oheok'-omthe -general: -aocuragy-ofithe pitot“coeffiqlen'bs 8
“affordnd ‘inttable :15:by the; ‘agreement 6f ‘the mean Prassures :come
4 ppubed froem:the *pitot;raadings with*thempressuras separately meas-
e kured at: the':na.ll manifoldsg .;;g_aaqd-o_é&y i ;

.. iis-about: one “foot. In amnparmg ;bhesegpiezcmarbric grades, d:t:
‘ *shuuld ‘be: Jeept in:mindithat: zthewwall: manifoldsagim ‘anlyithe: , Lol
T poirrb ‘pressuras at the. -wall, whereagithe’ pi-&otf'babu.l.a:&zons are e f R
et j;'hhe -mean:of tha: pressurostfor the: cntire *seatzon. ,-J:b -is; belmved
- thissagreement of: Pressures, -independent1; l-measured, justifies
e -'"p].ao:mg a.*prabablee' rroriinithe- +veloolty of .about: '0s7:percent - - -
: 'ror:af: not ‘more’than’240 ‘percent, “For: refereme, e
:;thexra.tio 6 tha meanto ma'x:im\tn velooity ms‘f 0‘902, "ﬁue mean
'i'bot ucoeff:m_:. ot '.95 and - 98

: éiMant:.onrhas already'bee
. ) +0fvalve: VAl .were made: ‘thfj.'
. bor xuse e limited amount iof: ‘commeroial -equiy '";";:For emple,
o wunderizero Flow- t.he piezumqter ERges: and,;pitot; ages:all read:
B4y pmmﬂs whibh, added to ithe elevatmns fitheir different 1@-
;-,\oa.tions, gave ! lake levela 11031 ¢4 zam: .32.5,kal'bhough ‘the: la.]:e :
WA wat \ . ':"fThJ.srtype of serror.was: par‘bially
:»-eltm:.natad by velm;ity-head:;}pia;ometnioadrap ;i.o’cs o robtainitho -
&ge oonsta.nts""fbut Ahe: scatter'of *bh'; o was ‘hat o




g

it azstan'l: errors of ’che or&er of 0 5! foot ma:y rsmain

e ”The p:ltcst gagings oonsisted B0 20" observa.tions lucated a.‘t
F T the,cam:er ofzgravity: 6F [ Piwe: diviaions of "equdliarea, “he: dis- :
e oharge ‘heing: computed ‘Pyom -the mean :of ‘the velosities! thus ‘Go=
LA ng Wo:: centaﬁlineeraad:lngs “Were ‘bakan. '‘The mean: pitot
"‘-;wcoafﬂioient found rapplicsble was 0495 instead cof 'the 04918° used
iin:the :pralimimry irgport, | “thermore: oomprehensiw pitot: ratings

e made. Tater being: raapmaibleéfor ‘the:changes Twen'!;y :complete .

' meeriinochargss |

7 iimcerror;, 14t
" :charge cobbained:

~5agimgsﬂwere,made corraapnnd.’mg Ao five-percent ‘inoremenbsdn .
L yalve: \opening “The ‘energy, " ‘velooity, ‘and ipressure- distﬁbubions

‘found Jin'thetest: with theivalve: 95-perceut ‘open-are: plottad An -
ligh'b Jineaﬂun plate “hy

In spi'be of “thefaat that these d:l.stri- -

consistent in-all 120 of ‘the pagings, theyiare mét dn .

greament writh tthe :1939: ohsemtions 'made with improved :I:echniqne

‘mr”wtt!.;stheory. Tt seems | impossible ‘that thepressure ‘afthe =

“wall:was 0440 véloaity: ‘head ‘headhigher: ‘than'at'a ‘location one- '
' stant, (If. :H; oould 'be oonsidsred that in 'ba.bula:bion ‘bhe‘

S m*uld bemrea.éomble agrement wi‘bh the”1939 rasu].ta. Tlm':é any
“suchi mterch&nge ooourred i oonsidared iimpossible: by .the-engi~-

SJ.nce sthe arig.’mal notes 70, longer exist, the S
‘-i-::on.].y be presented as fon:ﬁd. S

) ‘ﬂ@j‘l‘. ‘the i.ncb:vidua.l poiﬁ:bs a.ﬁd ‘distribu-bions are i
‘believed :some-weight can:be givento the: ‘Aig=
ifromithe-mean of:20: readings. Inrthe upper:part”

Sof t4ble ;19 are tabulated for comparison the results:of the:1937,

1731938, :and 11939 gagings. ‘The:1957 goéfficient of loss framithe .

S, mifold batth iimpact legcof the: pitct tnbej.s given-as K= 0.65 '
*bhe 'mlue “foumd ; ‘Porithe’ 95-percen‘t: valve. npaning -However, &.com-
| rparison-of the . caosfficients (for the ‘other 19 gate: ‘openings’plotted

g ggainst ‘Re;.rnolds ‘nuiber, : 'indi cates ithat -the' e,oaff:.cien:bs iforiboth o

+95 am ‘.;.IGOupercent openings:were: ‘tooThighs This is: Mirewk-
1y .sham by ‘curve: ‘Frof :plate 7,

: is.0s675anich compared with 0461 found“inithe -
1959”tesiss, s’ _h"lieved 4o jndiocate ;satisfactory agresmente Bmv-
he: gaging results are-considered: definitely low by one: cr
,?-"‘”The f.’ollumng -gummerize -the 11937 iresulkts -ior ithe
; 3l o "Islocity 64 feet par seeond uismharge

‘The .value: wh:.oh ‘best:agreas: with- '



., iprioritoinstallation, 'but:no :observations wore made @fterwards
© wof their readings umder ;zero flow conditions. /ATl ‘the ‘ot her -gages
-~ ‘used iin ‘the :series were found to require :the ‘uge of gage ‘constants
‘from.one to {five ifeet to (bring ‘them into :agreement with the wother . .
- -detes No -adequete:means for:determining the ‘constants :of ‘the im=
[ /padt end . dtatio gages ‘of ‘the pitot tube ‘are availabloso ‘that -
 ‘there ‘i considorable uncertainty intholr resuits. The ‘obsorva~
“bions and ‘compubations iof the -discharge:were similar to ‘thcseimads
- iforthe 1937 tests, -and the distributions fownd are plottedion =
. ‘plate 4 :for eady comperisen with:the cother measurements, It 'is
~ ‘seen’that, -on ‘the'whole, ‘they-agree with neither the 1987.0r 1939 . 7
measurements, In:contrastitoithe ‘1937 ‘tosts ‘with:miltiple gagings .
. ‘atvarious .vdlve:openings, ‘and -the .1939 tests made 'with dmproved .
. equipment, “the 1938 gagings ‘ladk .supporting ‘data ‘as ‘ho thelr re= .
- 1iability. :Moreover, :acomparisen.of ‘the !loss ‘and-discharge voom "
. ‘efficientsiobtained in cach:of the @eries df teats (table'S) ‘soems
%o ‘indicate that the ‘1938 ‘gaging was from 3 ko 5 'percent lowy . -
“This:would:eorrespond to 4'to 6 feet differences \batween the . con=-
‘stants -of ‘the ‘two ilegs (of ‘the pitot, walues of the order to'he ex=.
_:pected ‘fromithe analysis of the other gages of ‘this 'seriess '

i .iBince ‘the 1938 ‘tests were the only -ones ‘for swhioh the :piezo-
-/metric profiles of ‘the .outlet works s e whole ‘are .available, it .
- vwas:declded ‘to:use ‘in the computdtions of ‘the ‘loss-coafficients,
- discharge values ‘as obtained ‘by weighing ‘the warious pertinent =
~déta rather than using ‘the discharge:as measuvreds ‘This was ‘done
-indirectly by ‘interpdlating betweenithe 1937 and 1939 results,
. making:use:ofthe measured friction losses ‘to ‘the ‘impact leg .of
‘the pitot tube.and the computed walve :coefficients, by a compari- =
~. . rsen of ‘the measured friotion losses ‘between ‘the .ring piezemetors
o 1126 :feet ‘apart -on V=4l icalibrated ;in‘the 1937 tests and Dy 8 coome -
- ;parison.of the ;relative:drops from the :lake “to ‘the tower intake -
+iin the 11939 ;:and 1938 :tests. Tt will ibc .observed ‘“that .different
methods cof “interpolations . shown: in itable (20 ‘give results wvarying

“by cabout one ‘percent :from'the valus :assumed -as most iprobable; - ..
“but ‘this must be -expested, .corresponding -as iit .doesto-the epproxi~
~‘mate :probable .error inithe measured -quantities, ‘Onthe-other 'hand,
- “if the ‘interpolation /is ibased onthe relative ‘dreps 'inzthe intake
. -tower as moagured iin 1939 end 1938 when.one.end :six walves.wore
‘respectively-discharging, ‘a-method ‘of -comparatively high pre= L
- -oision, “thenthe disgharge 'is about ‘348 percent greator “thonthe
- valuo:choseny -Although this isa possible walue, in ‘the ‘face of =
' ‘the ‘balance of ‘the-dataithe lower walue is:used. For reference, v
- the'following.arethe:results:asswned applicable ito :the 1538 tests
¢ with V<Al:alone discharging 9b-percent . open: . .- . . T

Q13,540 0ifusey :c0ePLivient of diacharge, 0iT3B.

2R V'




[l.i o

.Diachar "e when -more thnn ‘ome ve.lve Was - u‘an. The diaoharge
o:t‘ VAL, “Whe -other ‘valves were -l ;8o (diacharging ‘from the
manifold, was o‘b't:aj:ned By umnparison of :Lts gifferent impact.

‘heads ‘messured on the ‘genter line. Only s single iobservetion. i‘or i

. ‘oach combination ‘of va.lvea fqperating 'wag made. . For this Teason, -
- ‘the :relative. impa.nt ‘heads :0f V=~Al s found in the 1937 ‘testy was
* ‘eompored ‘with %the 1B38 ‘obsorvations,. ‘This required: ra"bher ‘extens=
: sivesumptttations ‘to ‘gorrect for . upstream diversion, some welves

- 100~percent ‘open, "wariable ‘reservoir -slevation, etce . The ‘Tesults s
_:are plotted ron plnte 3, from-which it ‘Bppesrs. ‘that the “two nerias_t- B
- ofbests were in sgood ‘agreement;, except for ‘the .combination with

- five w.lves opens - /An ‘inspection .of ‘the 1938 ddata clearly indi-

. -omtes this .observation o have beon in errots From the.gurve .
... ‘approximeting" the results of ‘the “two, serieq, the *ralative dig=

.charge :of ‘V-£l as a: ‘function ‘of ‘the: nmnhar of vnlves operat:l.ng

T ws ohtained “applicabla to 1938 xcondi'bions.

”Discha.r o [0f : proUpE ‘of va.lves wi'bh vosbEoh “bo ”V-f.&L._ “The -

S ﬂnctmon ‘drop ‘between ;piszometer rings dooated 125 Peet gpart . om .
VoA was .campered ;with thet measured iu a gimilar lonation on.

- "<f~Al *o ‘obtain ‘the relative Flow in V-AS with respeet bo VeAl,

‘Sush :ecomparison ladks agouracy ‘both beuwae “the ‘dropa.: cnmpa.red, L

‘of the ‘order -of 16 foot,’ ‘were small ‘ang: measured by :differences . -

‘between ‘Bourdon gages and’ because with . d;&t‘arent type: entrannes
%0 the a'aapeotive conduits, the entrame 103393 may afreut the
:maa.sm'ed drops. SRR Sy b SRR

: Elate .8..shows mreovar, baaed on tests hoth of the mcde:l and
: 'ptotqtypa, ‘that ‘even with +the seme -entrande, » “the sntrance loss |

i “varies finversely with the rates of the - quanti‘by of ‘water divertad
.;:through 'bhe %bramh to *Eha qumri::ty ﬂowlngin '!:ha manii‘old, :

The quest::mn ‘s to ‘the: magni:bude o errors mhroduoed by en-._ S

tra.nne ianid. iPitbing; dosses “in’ -reported :straight pips losses wWill
. 'be ;dizcussed” ‘later, ‘but ‘the use of e ‘calibreted -seption of pipe

SRS A metering :saction G n brenches* taking; Qff Lrom: :manifolds mast
- be .considered ; queab:mhle. The irelationship ‘botwoen the .f.’lows S

in WAL a.\nd Y~i6 ias measured by “the ‘teste .of 193?,, when all
‘valves were J;Oﬂ-mrnent :open, are :considered: appllcah.le for. all

: valves’ 95-rpemam. .open, which was the: .genardl .oondition of the 3

/1938 tastse Por wertain.of ‘the -valve «cembinations, :howmr:,,

.- vSome "¥Al¥es “Were :100=percent -open ‘for which en allmnne of -one=
‘;";hslf pement vper walve ;was -mades The variocus. coefﬂioients and

i ifinal diachargas &8 used :.n the comp\xtn.ta.ona are ahown :Ln t&bla -
2L R |

‘:;f"j ‘,‘:oharges nf ‘%he intemediata valves J.aoks aouuracy. ‘Hmvar, L

_‘ “f2‘3 8

I‘t is recognized that the method uaed ;fm‘ dbtaini.ng the dis-:,'f-rf



©." aifferences between the ‘discherges 'of various velves in ‘@ /series -
’ ‘taking off from 8 manifold ‘are small and 4f the :discharges from '
_the -outside two of ‘& ;group. :are ‘directly lmown, the'average is . =
unlikely o ‘be greatly ‘in errore “Internal ‘evidense .of the tests
“indicate reasonable precisions. S T
. Tt s .concluded, Binally, that while the 1939 discherge of &
' gingle velve ‘hag‘a probable acouracy :of tbout ‘047 percent, the .. ...

error ‘in the ‘discharges ‘for “the various groupings of wvelves in ...~
" ‘the 1938 tests ‘is ‘between 1.0 :and 240 jperoent wlth maximum errors.

“ wmlikely ‘o exceed ¥ 4 percente . . .

e molds umber = Loss . oharte The results uf*t:hxe hy- ;
- draulic grade memsurements are :shown in ‘the :form .of ‘loss :coeffi-
gients "£" ‘in the ‘Weisbach-Daroy formila, plotted against Rey- .

nolds mmber (plate 7)e The three measuring -gegtions, dake to -

‘PuAl, lake to P-AS, and lake o Vehd, are 23, 34, @and 57 ‘aquiv-
alent -diameters ‘long, respectively. and the woefficients refleot =~ - -
ithe total loss ‘o ‘these polnts ine 'uding friction, ‘emfrance, end -

- Pittingse. Tt will ibe noted that at ‘inoreasing -distances from the - - .
intake, the mean ‘loss per diemeter decrenses, ‘showing the inersas- =
Ang diasipation of -entrance :and bend lossess. ‘The purves draw to -~
average ‘the :observations: taken at five -different velocities indi- - .
cate reasonible precision, -exoept :for ‘the .section P=A6 b0 VeAl En -~

which “two points:at the lower velocities :geem to ‘be out -of ‘tine; i
‘- possible ‘oxplenation will "be .offered laterse R

JDne .o’f.";'bllié]‘;’ma;in‘ purposesof c.'b"l'fiels.a ‘:I’:es“.,bs;, _éof uonsldemble PR
- theoretlcal 'as well:as practioal importance, was to determine .
"-whether -at thigh Reynolds numbers ‘the loases :fellowed ‘the queds~ .

“watic lew.or varied ‘at :same other power of ithe ‘velopity. Loger- o

“ithmic :friction formulas have been ‘satisfactory within the renge . .
af -their tesks but for extrapolation they have Eiven widely Qife- -

ferent rosults. Nikuradse showed, with systematio tests on pipes . - i

‘roughened with :sand :greins of -uniform diemeter thet “the exponent = -
- of ‘the -velocity in the lossequations sterting with.a welue of
about LT, with ‘-inoreas’ing"n:?&lbﬁities';gzé.dt;&lly;r_e&tlidﬁ amaxie
" :mun -of sabout 242 ‘before .decreasing -to itho sguare and “béecoming + - ...
" .constawk. A portion.of ‘his aresults a_are;'r:shavnknn;;plﬂ_:bq‘:7_.' RE L e




' ,‘;i;qcépﬁ'];y._i_(}ol‘e‘bro_bkef,‘:-‘.":_.léél:'i’i‘ng’?,ﬁ‘a:é‘;Q’f:,;ﬁg’ﬂéi!ﬁ;’.'l‘.hébr_éf_l.’:i_ca;} and E ﬁ

acyril Frank: c::lebrookm Turbulen‘b 10w in pipes, with. partiou-
* 1mr :reference o transition region batwaen smanth fand rough
Pip‘e IEWE; Jnul‘s Inst. C. Ea, ‘Fe'b. 1939»- . ‘

i x_

experimental lmow edgo oi‘ uhB 'na‘bure of friotionn.l res:.stance g
‘bridged ‘the igap ‘betwoen ithese :rough ‘pipe ‘experiments -and smooth
. ipipe,..and ;showed ‘that ‘where he ‘roughness .1s nommiform there is: -
e spyadual - transition from ome law 'to the ‘other, ‘the wlouity oxX~=
ponent graduslly’ ‘inoreasin, o its ‘Pindl ‘wdlue of ‘two without - ,
‘pasgsing through ‘8 maximum. u;His formula., shiich has 4 subgtantial -
itheoreticdl ‘bagkground - ‘indieates “that ‘the qmdratic law ‘is machad L
at a ﬂm\ghmss Remlds mmber* of the order of’ so %o ! eo, ORI

*Th"‘,‘_.';‘m‘éghmss ReM is. the shear i‘orae velou:.ty :’(ur S
- w1} velocity, v,?._ '\/% ‘miltiplied by the. averaga wllpro-
'-'t:ubera.noe «divided by ‘the kinana:blc visoos:n. Y (O), S
':“‘:uomputed from d.‘!:s equ:.valent T S & } k' :

: valumT, the fralative roug!mess s can be obtainad fro:n tha

: --aqua:!:ion o= 2 1og BT --%- af‘her values of " i‘" have’
" f?baan found i‘rom axpe::mnt. Lo o | |

Pnor to areducing the f;r.eld maswements, 1'!; was impossible
to .foreca.st swithin‘which iclass of pipe the rosults would fall so .
o revery: effnrt ‘was -mede : +o ‘eiminetebias :in ithe, reduotion .of the -
o obsem‘bmns. <This ‘4s nok ‘easy . for to iparaphrase Alexis" Carrel

4in'"Man, ‘the (Unknown," "when faced with many ‘and- Amprecise :data

f '~the tmpta'hion ‘35 great ‘to:choose among ‘them ‘those that :please
. -us :end ‘whieh. con,i‘orm o (our feelings and belief." Hydraulic ob=
- ,samtllons -&re-variable :at ‘hogt jand- there iis:a temp‘tatzon toag-
~ - isume ithed: d::ﬁ:feremes From; an assumed J.am Bre 40 ‘he .charged’ o \
14" However, the ;group ‘of - BUrTes ; smnmu‘:.zing sthe losses .

, tar vin “the :main penstook: plﬂt'bed on plate 7:do :show.a
‘ Zoona:.stnnt trend: downwards.  ‘The :same -trend iis shown iin‘the 2987
“.measursments -of the ilosses ‘in-the V-~Al ibranch :plotted .on- the same
_,pla_te*. Thesg rela:lfive measurements hera aro: more Jrolz.ablo thnn

| 26




the 1938 measurements in the ma.in penstook the curve being based
“on+20; mdependen‘c gaginga. "Friotion tests. made ‘onfour different

-113=£00t penstocks ‘in: conneot:.onw:ith the. efflomemy tegts of the - .

“turbines ibythe:Gibson method ‘are &lso showns Sinse ‘the velooity

U de‘terminatlons :E'or :bhose tests are consldered 'bo have g h:.gh or=

" ‘deriof accuraoy, “the iseatter of observatlons, ‘gbout ‘20 jporcent

- fromithe. moang, MUSt | bexeonsidared as-duo to orrors ‘inthe pres- -
CI8ure ohservatlonmmade with a" d:.i‘ferent:ml meroury 2eges Ii‘_,.a

o line 'is drawn’ appronma:bing; ‘the .observations for the four:

‘mage ‘on ‘different:penstocks, it too, :shows a: ‘deoreasing ¢ “"ﬂndz‘{‘: B

- with increase ‘in-velocitys = However, consideratmns whiich will

tbes dlscussed ‘ldter, offer :anialteérnative :reason for the: deoreasa.
iHere /it 'is emough 'to:say: :that ‘the date of ‘three . 1ndopendon‘b ;B0=

“iries.of ‘tests :show coefficients. decreasing with ‘inorease :of. Rey- SR

- :nolds mumber, ithe losses varying sboutias Vie9s ‘Since this s
~sinreonflict ‘with (Colebrookts ‘formila, ‘the roughneas :Reynolds

-numbers -of “the ‘tests being be'bween 200 and 300, the resu.:.t ahouid

i "Lb"e_"usad with oautlon.

_ Energ gLrade ‘o model and protatxpe. A compa.rlson df' "ohe“
ensrgy ‘grade, :as found by the model, and: a5 measured in the pro-"

totype is:shown.on: plate S “The energy grades-are, ‘in-a:sense, -

:synthetic :as .conditions were not exactly the :same ‘in the two:de-.

“terminationse * Twoitie: rods, 12 inches dn -diameter, required for :
~-structural ;reasons ;aoross: -each penstock apening in the prototype .

wWere'not’ inclvded in the ‘motial. tFor- the ‘purpose-of :comparing the -

U two: Tesults, - ‘81 amount .of (04025 hv :per rod . was. assumed as-ithe xult;.- »

mate head 1oss ;per.rod .and 3/4 -of ‘this-amount was edded to the -
‘losses found ‘in“the:model, 'This ireduction was" “thought- HJustified .
‘since, 'as'will ‘be ‘shown’ later, withi ‘but-a few diemeters.of: plpe
‘belowithe: powerhouse . ‘manifold, the ifull ‘losses probably would
“notihave taken place in‘the: model. ‘Reference ‘to ithe ourve, s -
~Plate .9 entitled "Cylmdsr Drag," from which ithe :loss Tor the
Tods Was: ‘estimated, ‘is incidentally. worth oareful cons:.deration o
‘by:aXl those engaged iin model tests .of | streamlined :shapes and o
‘entrances. It can'beseen, ‘for. ‘example, ‘that model tests on

* ;oykindrical ‘shapesmade within a:range of Reynclds -mumbers from S .

25000 %o 25,000, ‘would ‘giveitotelly .erronecus ‘results -extrapo

ilated s far; regions of ‘R‘=15,000;000. It is possible *tha.t ‘the
high:coefficients cf loss’ i‘ound ‘&t ‘the low velocities “dn xthe pro-
. 6otype ‘inthe P—Aﬁ ko WAl ‘resch previcusly ment:.oned, ‘may ‘have
:been: ce.used by -SOM : ‘abrupt - ohange inithe :rod -coefficients 'm.'bhln

e range ol “the" tests- . Tt *has ‘been stated elsewhere “that ‘bhe' D

- "type of -phenomena :shown by ‘the rod ‘quite probably applies to
:shapes ‘built of - ‘ourves «of; many typea, such as stremnlined en- -
' "braness or curved vanes.. R R
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The model teat in addition to having been correo-l:ed :E‘or 'b:.e- R
:rod losses *has icther features which: ‘need 'to'be :stated. The re~
‘sults shom*aveea comb...mtion of twip - ‘different ‘series ‘of ‘testa -
‘in which’in ‘the" i‘irat, ‘the losses ‘ware measured from ‘the ldke’

| “through the ‘soreens, -through the .upper gate o ‘Pupl, and iin ‘the L

-seaond,. :f'ram ‘the 'lake “through the: '80Yeons, - 'hhrough ‘upper ‘and .
" ‘lower:gates ito the canyon-well : ‘negdle valves. ‘The :soreens i‘or
~+the model ‘had :been ‘bullt :to =cale and ivdicated a hydraulic "
‘Logs ‘of “the:order 0f 0410 ihy (30 :£te plpe)e The: :prototype showed

‘no ‘measuratile loss, certalnly ‘less than 0401 ‘hyzge Invaat:.ga't:ion”'_‘ o

‘Andicated :thet ‘the ‘welocity:of water ‘past ‘the: :soreans of ‘the:
‘model “was". probably less ‘than oritical. “The ‘soreen iloss ‘for the
modal ms, 'bherefore, sub'bra.oted from 9.11 model lossas. o

Two ga:l:es upen at the :lnta.loe ‘tower g:we a.boub one-fourth
. 7the: entranue ‘loss #f:onps “To obbain en entiro profile of .
- .%he ‘energy prade :for the model ‘comparable ‘to ~that .obtained iin .
‘the protdtype in 1938, "in- Whlch ‘the \upper gate .alone ‘was open, .
‘the two ‘tests of ‘the: model -were combined, the first part .of the
:profile: com:!.ng fromthe /Pirst test and ‘the lower part from the
'seconds .The 'two ‘tests ! have & -COmmon | prof:;le ‘between ‘the ‘bonds'

* - ‘and ‘P=Al. . This procedure thas ‘the ‘defeot ‘that although = ; port:.on

+of the prof:n.le from :each test was ‘found ‘similar, if the h;l.gher
‘entrance ‘losses ‘in ‘the: ‘model with one gate open-would ‘heve af- -
‘feoted ‘the | ‘hydraulic grade ‘at :greater -distances wthan 22D fram
. 'theintake, then the lower part .of ‘the profile is less’ steap
,'bhan it should ‘ne. T6: is 'bolj.eved any arror s sm.all. R

PERICERY F:mally, before uonnluding thn.s presenta'b:.on of da.ta, it is
" desired ito re-empha.size oertain thmgs ‘which must: be kept in .
-miind ‘in ;reading ithe disoussion which follows. Energy ‘losses: as
gpoken .of iin ‘this report are pursly. differences.in-the energy
‘grade ’ ‘Tine- obtained : by -adding ‘to the p:azome‘btic grade “1ino the

| meen wwelooity heads.  The piezemetrio :grade ‘as:moasured by :pen-

.atooks- opening ‘on only.one:side :of ‘the" ‘penstoock, sand:with . digw 0
- turbed :flow fram : Pittings upstrean, ma.y :not measure :the mean - -
. pressure, ‘the mean wvelocity head: ‘may ‘be ;far ‘fram ‘the tyue - velo-
:0ity head, :and :finally, the physieal 1ayout ‘is /such ‘thet errors.

©bend o :multiply, . iIn'most of the:sections, the .coefficient of B
- 7koss due “bo :£ittings iis - nbtaincd by .subtracting from the.measured - .
o ‘,;piezane'br:m drop a8 ve].oo:ty ‘head swhich ‘is . :about - one-ha.lf its s:l.ze; R

- 'from’ the remainder the friction is subtracted, which is again .
- saboub’ ‘half, :and this quantity is. -divided by the welocity head.
~_.The kresult ‘s ‘thet -a -one=percent -error :in-the -welocity: produoes '

il s:.x-pement -arror .in the loss -coefficients - ‘If ‘the total piazo- e

metric -drop is.one percent in. error iin +the -same ‘diresction, there:
R is a:a addit:a.onal fom-‘-peroent arror- m the' coei‘fiu J‘h a.nd an
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‘additional -one percent ‘for each-one<peroent .error:in the friotion
o ocsoeffdoients o T Tt
© . The most :acourate ‘of the:main ‘penstosk meagursments is the
. ‘dossifrom the lake to VAl which inoludes 57 -effective ‘diameters
- of :30<Foot ;pipe. -Asswning e 2=paroent error for each of the ‘items
' ‘mentioned, ‘the “botal soefficient ‘as measured at ‘this ipoint might .~
- ‘have .o :maximvm ‘error -of :25 jpercent, ‘withia :probable .error of por- ' .
- ‘haps '8 :percent, At intermediate points, probable errors would
- 'be correspondingly greater, . . o TR STl

.7 Tt:is regretted ‘the probable error is so large but it is be- |
lisved ‘typical ‘for leyoutsof ‘this sort.  ~ . .
- In:spite :of ‘the possibility -of large errors it is ‘belisved
-the ‘tests havo walue, not only ‘because they ‘indicate prowisions
which must ‘be made /inthe test Pacilitles "if better ‘oomparisons
“are :to !be :made ‘betwesn modsl -and prototype, but :also because at
“least :qualitatively certain -phenomena .are indicated whidh, if . :
“talon 'into -account, :should ‘improve ‘hydravlic designe This will

be ‘Msoussed ‘in ‘the mext section.

' DISCUSSION .

o - Generel ‘design :for power ;plant and diversion tunnels dif-
'fers ‘from that -of :£low lines ‘ant:munieipsl water :aupply, in ‘that
_ ‘entrance and ‘fitting Josses make up :a .substantial ;portion of the
- total ‘hydraulic losses, :about 40 percent ‘in the oase of the .. - .
. ‘Boulder ;penstockss: The penstock .system also differs ‘frome di= |
- wersion tummel ‘in that in ‘ttsdimensioning, mo ‘hydraulic ‘fastor -
-of :safety 'is ;possibles 'Its dimensions are based on.making-a .. .
:minimun 'the cost iof ‘the ‘instdllation plus the capitalized e ghi= -
-mated value ‘of lost ‘head which, at Boulder was egtimated b
- 78110000 per :foots Bither an under ostimate or -over estimate of
- ~the ‘hydraulic “losses leads ‘to an uneconomic tizes While the
- surve.of .combined cost ‘iz’ comparatively flat, the Anorement ‘in-
cost per- foot of diameter, ‘though :small within e -aertain range,
45 enough ‘4o make desirable :any changes in design which willl o
- .lead-to .closer ‘estimates; 'The :present disoussion has ‘thet :in view,
- Before ‘taking -up in.detail the .experiments, it is proposed ito ‘brief-
1y :consider the nature .of entrance losses. - B P o

oo o comparativelyhttle experimental data"iseem~;1::'6:_,:b_'e'iia#a::‘.s].&'bl& o
- -on the #ffect .of size, ‘velacity, and charactar of -surfane onloss .
- ooefficients for most ;»{fp_:ms‘,zibfzfg.,ﬂentrances':and fittingss It has ST
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‘commonly been -assumed ‘that ‘these wery with the square of the ve~ -
Qocity :ani that ‘the other ‘faotors ‘are unimportent. - Praotically
. 'no ‘date exist on the rate at which the loss takes placo below the
- Pitting but 4% ‘has’been stated that at 40 or-50: pipe ‘diameters
downstream, ‘the #isturbancss have ‘Bisuppeared. | On'‘the other hand
experimenters working with smooth pipes and 'well irounded -entrances
~‘have ifound :as much ‘as ‘100 D were ‘required to fully develcp turbu~
‘lenpe} ‘4 ‘oase ‘15 ‘reporbed where dus ‘to & disturbance caused by & Sl
‘walve, irregilarities 'in the velocity distribution wore noted 200 D

‘downstroem in & ‘30-inch pipe line; ‘and recent tests on bend losses = -

‘have. ‘shovn that ‘the roughness of ‘the pipe ‘affects their magnitudes -
_ T _ Pila:be fld;fiis adiagnmxhowing :*bhe,:‘jwe'rQenﬁa,gei‘;éf to‘ba.l ,'vlo‘sis." AR
&t varying diameters downstream for :some e sbs made by the Bureau - . .-
An which :the itotel ‘loss ‘was measured some 30 :dismeters ‘downstream.. -

o - The losses’are nominal, “thet is, they involve wall pressures amd. = . -
QA ‘arelocity ‘heads., -,.:Tft';"iijszi’quit_e ;possible these Ffunotions are far .-

- dfrem ‘integrated pressure and-velocity heads :and, ‘;':i.ixd'aa'a;f‘i*b*iq i

~‘eerbain that they ‘are iin error at fractionsal diameters below an =
-entrance, - With the Iimited tests made and the exact -determine- . -
‘tion :of the iourves of percentage losses & matter:of ‘mach experi-: =

. mental diffioulty, no explanation ‘can ‘be ‘given of ‘the differoncos. -

- But ‘they -apgree in’indioating ‘that -substantisal percentages of en= =
- trance lossare ‘being dissipated up to 30 -diameters downstream,

- .The ‘Boulder installation, though laid out on & grand scale, .
Aif ‘measured in -diameters is typiosal of many “power ‘projects with fit-
- “tings 10 to 15 D apart. Thus both from the point of view of de-

8ipn and ‘experiment, ‘something more ‘than %otal loss coefficients
‘must ‘be available if the hydraulicsare to be correctly designed o
and :interpreteds ‘The writer has not ‘seen a oomplete thooretioal .
- discussion of ‘fitting losses and ‘their rate of dissipation. Such. °

Bpaper, with a review of iexisting date end systemetio .experis

7 'ents to £ill in the gaps, would be valuable, ‘Here all that can -
e ‘done i “to ‘review briefly some .of the well lmown ‘pheriomena .on -
which dosses must depend. To 'be specific, & circular ‘flush in=

tako is used.as -an.example, . . .. IR A

.. When water is freely discharged from a tenk through a cirou-

dar orifioce striking against 'a flat ‘plate, there results the fole-
Clowdngs o Lo Tecs U T T T e

 Thejet conbrasts £0:0461 A Whers A equals the ares of the .

* -orifice; it has -2 velocity .corresponding to the totel head amd .. . .
' ‘in jbeing deflected '90° by the plate, it reacts against it with e~

. ‘forge ‘whose maximum intensity is by, bub shose totel magmitude |
1s equivalent ‘%o thig ‘Antensity times -twice the minimum .area-of




" the job, hy xR .61.5].  Tho gact that the velation, ‘betwoen

- ‘momentun ‘and ‘impulse Tequires & minimum ares of et least twioce.

¢ that of ‘the contracted .soction ‘against which foraes -oan ‘act af -
o +the :Elm‘ing ‘wa:l:er 48 ‘to be completely deoelerated 'is sometimes

~ ‘overkookeds Astudlly four to six times this ares ‘is roquirved
~since ‘the i:xl:ensi‘by :0f pressurs on the /BTOR is ot tntfornly of

Cmiaximm walue, “These :same :statements a,pply equa.uz,f to abosleraw.

‘tion ‘at the in‘kake. Bince the orifice supplies only le6 - 'bhe jet

- ‘mrea there is:a large myen of wall" ‘surrounding the crifice which
- ‘must-be subjected to & redused ‘presmures  The maximun imtensity =
o -of ‘the redunta.on 1s a.'b 'bhe odge oi' 'bha nr:.i‘ioe aqual 'ho 'bha veln- L

.;;eityhead, . e e S
S 'Hha-b ha.s hean sa:l.d of the je‘h appliea quali‘ba.tively to @
'prmtmal Antake eonnaotod with & pipe, Just below the" 'bhroa:b

- :of the ‘intake there is w vens contracta whose ‘shape ‘4epends upon-‘

the dimensions mnd forms of the intake, In: ;contrast with the . S
- geky if ‘downstresm nonditions permit, less than ‘atmospheric pres-

:sure ‘can-exist. loreover, ‘if (in the ‘intake)- ﬁaparrbures from por=
et streaml:ming ooour in ‘the farm of ‘sharp edges or .short radius

. -ourves :due to the raquiremen:bs for Ega'b?e'sea.ta, ‘@b0ey. “the rednoed

‘pressure ‘in e :portion of the flowing -8+ sam theoretically will

* ‘terd ‘to mpproach :Absolute :zeros For exam le. where the ai‘i‘ect;ve S

o passage is’ equivalen-b to & curve vrith ‘R/D ®=:0475 +the valoc:!:by
~“‘head :at ‘the inside of bend is. theoretiually ‘nine:times 'hhe_ aver-

i o age, ‘though ao‘hually it is reduced ’by the wall .friotion.

ST It ~is mgges‘bed tha:b it is th:.s tendenoy 'bo mouum a.round
‘ -lge:be -Prames: din fromt of those ‘intakes over which the statie: head(

" ds onlythree or fowr times “the ~velocity head, which tends to
areate iand ‘maintui vor*bicena ‘Thegso datter, to be stable, must

' .-~‘ oxtend from tha ~1ra'tzor aurfa.oe to a surfaao fram whiuh uir ia re- f

’“‘f—mvaﬂ, o

g =’;:,tnelm the hrost of an dnbake the :iat expand% thn iﬂml"'

L dng ourveture ‘of dhe a'breamld.nas :and & ohange in ‘momentwm. S:moe
. #he“latter an only be prndunad by an. impulse, sbhetis, by o

':‘i‘nrna m\il*biplieﬂ by time, and Bince ina. a‘braigh‘b pi;pa the amg
" ‘walle provide the only sourpe of raagtion, #the ghear at ;

o ‘wall ‘bevomes’-a controlling tﬁotor. “Anelysis shows’ \*that *t:heqim- (RS

" p¥lse’ raceived by eagh unit mess of water passing .one diameter

. of ‘pipe, which -ultimately converts the High momentum .of: the ;m

- dpto awiform momendim: aeross ‘the section; s solqu &gpendem ‘on
. the friction factor " and is Andependent of soaley from which

" -tho.sonclusion'is drawn thet in:phengnens voncerned with mcmemun, L
'+ corregpondence ‘between :model and prototype necessibates & oammon L
g :_‘_fnotion coeffic&ent. !Hﬁs furbher laadsd_*bo "bhe aupposition ‘that -




if the frict:ton aoef‘fic;ant of d:he model is -lm:.oe 'bha:b o:E' the prn- . '-_
' ’5‘\':otype sthen twice ‘as :many ‘diameters will 'be: required Ffor the pro-., ST

3\-;'!:otype 'l;o produce ‘the “same -chenge ‘in.momentun ‘a8 ‘observed. 4n'the
But in*bo‘hh cases 'bhe ultimate tota‘.!.a’lﬁss wlll be 'l:he :s :

~)’. _‘i.m:agrwbed aoross

L ’d:he seut:.on, simpe. it ds '"_beliavad Hhis. lm-g'a:l:y' dependa on: 'bhe d:.s- T
'brzbution .of. vnlooitie a’E 'I:he cozrbrao'l:ed seotion. AR A L

Burmtura uf -l:ha atramnlinea means tha.t velucz_'bies and pmaa-

- sures :are not uniform inthe pipe-oross -section-and modes of pros=
- surd-cen 'be ‘expectod .dt tho’ “wall of ‘tho pipoe umose .were motisod o

- hivabout _throe (dimmotors: apart in the modal %osta, - Tho writor hn.s

]'oss {the .section below ‘a contracted : :}et:and EE appears e Eoh

i -_rquest:l.onable as to what ‘wall: pieznme‘hers actua.lly*measurea
: {(Loc. Cita) :suggests ‘the ‘wall iprossure is higher: “then !
the mean;'; th:l_.s .appears reagongble ‘before, full: “turbul enge is’ astab—‘
. ‘1ished, whare '"bhe 'bhaory of s‘breamlines,, to aa dsgrae trb least, is

.‘:"';]“. 'bd‘an elhow. Cons:.den:mg 'bhe daad end rboyond B 90-degrea ‘Ot s
coglet ‘branch - 'bhrnugh which u.ll +the waber 45 Ibeing’ d‘lmarted, tha

; =17':_':nr<:ss seo‘b:.on o.t‘ﬂitho' ‘deagd . ond has ‘only tono=holf the oren ro=-

"Aequal 'to the valoai'éy ‘head 0 décélera'be the - 1rcoﬁxi:ig v;a'lﬁer.

:ema.inder :of dshs dacaleratlng farce must act in the: hx-anch ‘as’ ax_ o | R

’1:"1"“‘71!16 “the ‘tatal : daoolemt;ng f:omo but ‘aﬂnoe thoir linc of aet:.on
<o cds ot in ccommon: wi;:bh "'bhat -of ‘the. dynamic iforee of tho ua.tm;,
- khere: rmin nwment in 't:he wa-ber whioh dissipo.to oncrgy dovm-

e _f-'ca'broam. -

I'b is suggosted 'bha:h B nonsidern:tioﬁ E

;prohable "monent Ak entrannes end bmndhes m.ight prova o e B

usoﬁxl *to 1. in ;hydmuhc { sign. '-

p'eﬂentabion of s:hha ;fexperjznenta.‘i. deta to emphasize o
‘?apt tha ,in the uaual puwe_ plant :.nstalla:bmn 9.11 meanux:e- '




ments o:E' hydraulio 1‘osses a.lmo..t certainly ‘conbetin ‘e suos‘tantml S
‘percentage of iloss due to. fittings ‘upstieanm, .The friction’ uoeff:;-‘-‘.i;' S
‘6ients :for ithe 'Boulder experiments. ‘have Y0 be derived :From the . L
"Gibson ‘tests whish: ‘measured the - ,r':l.ction it ‘severdl ‘sections af
pipe 167D long. 'In:one of these: A-S,,;:wthe .seotion was located :
'{647'D'b6low ‘tho.entrance while for “the -.aothors it was located
Y444 .Didisbants. "The - question arises .as o what: persentage ‘of- the
__lo.sses .measured iin these ‘bests was ‘dueto Ehe. ‘entrance 1cnss &t
. ‘the “Jundtion- upstream? "These :13-foot - pens’conks ‘joined ithe'! 50~
.foot:menifold ‘at an:angle of 9760 (and- ware :comnected rwith it with
one-qm.rter ‘diameter :fillets. ‘Plate’ 8, curve: 1-A, ;ghows ' the tenw
tram:e lasses. fox this conneo’clon, ‘¥mown 'as-the streanline fit= -
ting)" ourve ‘2-A :shows he rseme ifor ‘e oone entrance,xboth agde= o0
temined ‘by ‘& Commercial ‘Bydraulie : La.horatory, ‘the: losses having'
been measured e,botrh 22 D dmma'bream. The ’*results a.re plot‘l:ed :

aga:mst the s rat:.o whare Qs equals the dlsoharge An the )branch

s sncl Qa. tha'b \in tlre pipe upstreamirom the diversmn. - o

kbow these ourves are plotted losses for somewhat similar

i‘:ntt:mgs, the work - ‘of ~dther laboratorles. - Though - 411" the ‘tests
<ware maede “in:pipes glassed ‘as - smooth, ‘the ‘differennes ‘in‘the: re=
.r3ults “Por only- alight ‘changes 'in’the ‘form:of-‘the *branch CoNMet.
‘tion:are :startling, For :exemple, theifillcted jumction(Rm . . = o =
‘0410 D) ‘ourveil, tested by Thoma, ‘is very;fuch Yike ‘the “stream=

- Xined™: Jnnotwn of ‘ourve j1=A ‘but ;shows ;geven ‘times ‘the losss | :
S:ane‘Harris has shcvm 'bhare 1s li.ttla reduotinn in entra.nce s

kY
,r\‘.»

S¢,m 'Earr.ia, Elimina:bmn of Hydra.ul:.n Eddy Currerrl-. Loss at In-_f
- bake, "Buly. No. B4 ‘Engineering Experimen-l: Statzon Umversxty S
- rof Wash:lngton- '

loss ;nlinuzzeasing an entrance rad:n.us beyond D.ld D the cl:.fi‘er-

renee iin ithe ra.dil of theeconneu-bmg i‘ille'bs in ‘the two cages R

R*=:0410°D -and Ree; 10428D 0an hardly be ithe «expls.mtion. S:uni—] o

l&nlY. -surve 2, .an‘interpokated -value from Th‘ “tests on .cone
brmches sim:.lar “to-the ‘cone ‘tested: by ‘the ; connnarcial Lnboratary

onrve 2—A shows three*‘hmcs"the loss. R

_ "].‘he approxma.te formula ‘for Junc'tlon losses dar:.ved in rbulla— .
- tin 2 ((loceiotty) also sh.ows about three times ~the lo=s. The for-' v
mula a;?pro,:ma’cely ds = ‘




‘d:.amet'.er of branch and D

equéls ‘*bhe diamater a‘b :lts intersect;on with the mam.w
fold.‘ A - : : . _ ,

These differenaes, :E'a.r too largo to 'Bo Ko:gplamed 'by nhanges
'5in Raymlds numbora, ‘angles, ‘or pipo-diameter ratios, ‘can ‘Bppar=
. ‘ently‘only bo .expldined ‘as:difforonces ‘in ldboratory. tonhn:.quo.
- }chntion has i:'boon fmnde “of: s'l:he graat oxporimcm.tal difi‘iuulty An
Exmnins.tlon L
. of the’ experime:rbal fprocedure by wh:.ch "bhe ‘loss =.f.‘or ithe :stream= -~
“3dne Titbing ‘was: obtained, sindicates itiwas of less ‘precision
. ithan “thet used in'the-other ‘testss Tt ks belicved ithat ‘the Yoss .
. Pound’ b,,r"the {Commereidl Laboratory ‘For the strcmuline junot:.onm TR
used for the ;penstook conngstions ‘in the' pruto’cypa, 0406 hg s -
ymuch” .too Yoweand ‘that inia repaat “test - ‘velue ‘of (0415 ‘Lo 0020 .0
hyy:would fbe ‘founds. ‘Although: ‘this particulsr j\.mot:on was.nob .
“tested lin the" ‘prototype, aitesit was: mede ofthe memie
o fold: prototype -and-this showed ‘good: agreement with the Bureau N
';model, rather 'bha.n with the ‘tasts of 'Ehe Commerm.al La‘nora-bory.- S

P ‘I‘he :|.m‘gorta.nce of imowing, mthm ra&sonable acauraoy;, ‘the
- total “junction loss lies ‘in'the :Pact ‘that ‘from plate .10 it can
“be_estimated that with a total ombrance loss:of nbout 0418 hyy - i
- .soma‘bhlng 11ke 0403 hy will 'be ‘lost inva sbtretch 7 to 16D fram -~
.the: entrance :end 04026:hy ‘in-the :portion located ‘botween 14 and
~ :22°D dowistreai. Since ‘the measured loss:was about 0ad6hy, = 1
~~.'f'l:hese qua.nti'bie., rapx:esent 20 to: 15 percan f*the moasurcd *losa. o

Therc 4smo: ob;oct in 'bry:mg to he oxaot in. 'these mattors.
- “The ‘tost on ‘the ‘modc] “branch ‘is ‘beliovod ‘unsatisfastory; tho -
'~ ‘moddl “Mrate :of ‘loss" ;ourve ‘for this;particular fitting s ‘not.
‘¥mown rand, ‘as Will: “ho :md:.oatod, “the :modol and \protobypo may -
.. not ;perform: alike, Ttiis: belleved, ‘however,. that “if :a ‘value: equal
o8k ‘peraent of the average friction.coefficient - de‘berm:.nad in-
. ithe Gibson-tests on: penstocks =3, 1N<5, ranid A-? ‘be taken-as ‘the .
- atraight pipe coeff‘ic:.ent 4 ithe probable error ET S 'bhe expermental: S
s '«value w:.ll 'be of the order of 4 percent. ' . L

< Wh:.ls q.t is bel:\.eved present Immvledge of the xatc of diss’i— e
: j;pa*l::.on of energy . losses. does not: "Jnstii‘y ‘8" 6loser ostimate of tho S
. friction coofficiont from: the’ flel_d :data, ‘athor factors wposs:.'bly e
e "mfluenc:.ng ‘the: meo.suremen‘b should ‘be noteds  ‘The: mensuring seo-
. ition fin A<8 was ‘seven ‘dimmeters il O or £0 t-he ‘entrance than 4he
-others. Plate 10 :shows : that the @ffect of this would ‘be b0 iine gt
. -orease the: measured Aoss, - rhis is:confirmed, the A=8 measures ~
ments :showing' e iG=-peraent grea‘ber Ariotion: coerfmn.ent ithan the
';b&lance ai‘ itho tests._ S;ncc, howavor duc to *thc sizo of tho




:uni'h J.ess water was oeing used. resul'bing in *running ‘the test et
a lovIer Reynolds nwn'ben, this factor .may a.lso ha.ve 1ni'1u9noed 'bhe
result. . ‘ :

Fine.lly, the i‘riotion tests were made ‘with variable —d;-

ratioa, ‘that is;- with a varying parnentage oi‘ the inooming rlow _
sat ‘the ‘menifold :diverted to the :unit under test’ ‘but with a cone - .
stant . -emownt - paasing downs'hree.m in. kthe manii‘o].cl. “Flate 8 showa -
_'_'that f.'cr valuas of Qa -up to 0.20,, L‘charo ‘ip an: extremely ro.pid
deorease in thc coefficient of ontranoe 1osa with inuroase in the
ratics If: entranoo loss is: dzssipu.ted inthe ‘piczomctored 800=
“tion, ‘the :result will bo an: ‘apparent ‘dooreaso ‘An tho- .f‘riot:.on 60 ’
‘efficient wri:h inc*ease in Reymlds n\mber. : : A

The 'meen : f‘r:.ct:.on factor given by ‘the mea.surements on N—-a ’
‘NeB, and A=7 'was f:2:0,0207, ‘EBighty=-five percent of this is
: .0177 which is ‘the faotor considered applloable Por use din
" straight 13-foot pipe at Reynolds :mumber 30 = 70 x 306, The .
frietion coefficients :applicable to 30, .25, <and B.5-£'oot pipe ;
were :obtained frem this figure, on the assmp'blon ‘thet “the ooeffi-,; '
dient varies Anversely ‘as pl / ‘this 'boing the rolationship of
the Maming :formula and more . rocenbly confimmed by Nikuradse's
:systematic ‘tests on . rough-pipe(7) for. e.ppl:.catmn to 1usses S
.where 'hhe quadra'ba.c law is. applicable. T s

\ ‘The fallovﬁ.ng table: cum:e.:.ns in column 2 the va.lues of the

. straight=pipe friction coefficients 'used in- derlvmg -Pitting s
. losses from ‘the 1938- tests, The’ values -es actually: maasm'ed

‘whigh 1nclude entra.nce ‘los56E - ‘are 'I:a.bula.ted in’ coluznn Sa o

8 Frlct:l.on Coefflcients o
_: BEE R
: Frlctmn iFriction| wof . |o
Pipe : factor. factor- measuring S, PR
dlamo'ber “used *{ measured seotion | U Hotes
it _}2 ’ tricis Rutaeans 1 o

845 0 .oao4‘ 040211 . 1447 | 0497 | Tpper piez. tn region
_ 4 o . l.ofrsing ‘hyd. grade.
ABA0T 5.0177 1040207 1| 77 | 0485 14-D ‘below entranoe.

2640 ".',_,.014zg e

5040 1 040134 ! ‘ | ! Abb\i'b one-héif.e.atoass o
b b 0ss due to e rods;
‘ L I |~ . balance bends.




“The ‘difforences between ‘tho estinsted straightepipe friction

" factor and ithe ‘soefficients messured ‘show. how hard it is:to £ind
~ :8 :gection of ‘pipe ‘in which there is ‘only pure friction,and the.

 'magtiitude of -ervors 1ikely to be introduced .if no eorrection fs

‘made :ff@r‘ﬂ,.upg’treu,m :"'-10359_3.  ' :

. ‘Conoluding the subject of ‘the if46ld determination of frie-
“tion ‘losses dn:straight pipe s the value of £ '=0,0177 found for .

the 13~foct ‘Pipe ‘sorresponds to Manving's n'of 0415 'to & value !

PRSI

-of ‘Badbey's Ks = 0,475 and to Nihuredse's .j'rqqglh:z}aas‘:-i‘ad’aor"” L

o
\' " 5:2,» -
. ‘;f'é'rf’ - A

e ¢:§-—':= 0400134, “The latter factor ‘oan’be Anterproted as meaning L
that the 'bitunastio~oovered -*sﬁrfaca'='df:t:_hé'-'513-i‘oot pipe was ag =

. “Tough hydraulically as though % ‘had ‘been coated with uniform sand :

© Brains Ol 'inch in diameter, Those -in ‘charge .of the ‘tests stated -
‘that broom.merks and Joints ‘were ireadily visible ‘in the bitumen, -

¢

and ‘the ar.‘ivet,;?hoads‘;

gl

‘8 20=foot straipghted o -would ‘allow 1 B-inch-'"fee'laré“ﬁ-fundémeath "
and : ' %ré_a’l‘ly ipirhoads) -of ‘tho girth ‘Joints 4 inches

in diameter projooted ‘ono~oighth.of an inch. Tho “writor antiei~ -

“pated a ,}fridtfi,‘on_-fcoa.f‘fiqienjb-tah_outf'\_n;ie_éha-l_f ‘of these velues and..

‘entirely out of -

ribed, it is o=

onthe high sides. -
-of “ooncrete pipe

_';a'.pp'roximata_s ‘the ‘value %o bo ‘expootod "inf‘j\.ip. o

_ ‘.’-hedﬁ, i‘ully ,rivated-:-‘pj;pc;i"

Lo Ih would -appoar that there is ‘an’ opportunity for ‘hydravlic
. -‘zlabora.tories-'ij;b_oﬂ-:dévisp_=mea:ns for pretesting, ‘and :specifying the -
- /degree -of hydraulio ‘roughness to which ‘penstoocks must conform to
- ‘be‘asceptable und . With .one Foot -of ‘head worth =
$110,000, . d: n '

vance Imowledge of e friotion was to be would load ‘to :mae -

: the fs’.d.'.“ : .

" teriel savings ‘in:e’better ‘egonomic ‘balance An proportioning She

“‘installat ion,

‘Entrance and Pitting losses. Plate o ‘has plotted on it the =

' -onergy -grades us measursd DOLR -in :the :model ‘and ‘bhe protatype..

- To the plate has been ‘added ;the .corresponding fxiic'ﬁ'ion_is'l_épea._
- :The difference ‘botwsen ‘the energy ‘and friction grades are the SR
_.energy ‘losses ‘aused ‘by the entrance .and Fittings as .convention
. 'ally.computed, The ‘most notiosable feature of this plate is that
whereas ‘in the ‘model the -energy .and friction ‘grades ‘are more or

. lesgs ;pa:_"'alle’l, “in -,th-e".profboi;ype :the_‘y;qonverge;,an‘d then diverge at
- PaAly this ‘eppears. to ‘imply «that the ‘total Pitting loss decreasged.

a8 “the water ‘passed down ‘the penstock, which -could only be .-_'b';fue”_oi'_'.‘
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. ‘the nominel losses, ‘that is, “those ‘based ‘on & ..%_hv b

.+ The relationships ‘between the ‘fitting losses of the ‘model
and ;prototype :at various pointe is best shown on plate 11 'which’

- 'Plotz the Total Fitting loss at each ‘point :as obtained by isub=-.
' ‘“tracting ‘the straight-pipe ‘friotion from the measured energy .
- igrades. ‘At ‘the ‘bottom has been plotted ‘the ‘enbrance - and fitting
- -loases fs assumed ‘in the prel minery ‘design.. “The sum of the = -
- *botel Pitting losses at the -end .of & section 57D Yong -conbaining

at least six distinet fittinzs; a tower ‘entrance, “ane :90° bend, .

wone 400 tbend,. four ‘nonoperating branch offtakes, eash with two

12=inch tie rods ‘in ‘the wmterway, and one 30 by 25 reducer are

- -found ‘to:ibe 1475, 1,00, -and 0485 hy for ‘the design, the'model,

-and "tho ;prototype, ‘respeotively. -The great improvement brought -

~about in ‘the .cstimate of losses by ‘the ‘uge of the model is evi-.

dent,. The ‘15-percent less ‘loss'shewn by the. prototype while -

“thought ‘to ‘be ‘significant, is loss ‘than the estimated maximum..

_-orror possible in'the ‘tosta. ~The-writer -cannct help continuing =

- to:marvel :at stho ‘oxaotitude ‘of naturc's laws by which ‘using ex-

. periments with :2 :second=feet in a B=inch ‘pips, it is ‘possible to

o -~.’qe;?,1"=wha'b*,yﬁ;']‘.'1:Eha,pperi'*fwzi.th :ZO,'OOO,‘.ksa'c._ond-,feet; 4n a ‘pipe .30 feet

- lidiemetern, Af the losses at intermediste points inthe pon-. -

- :stock had shown equal correspondence, no further .comment .on the -

.~ 'tests would be needed, ‘That they do mot, -either reflects on-the -

| ‘mcouragy-of “The testsor requires -explenation, -

' Tt sohappens ‘that %he “total Pitting loss measured by the

. -rmodel :ak ‘the :end of the 57 -saotion equals fiil.-.‘O,"‘-h.,_.so that the .
~ . graphs. on plate 11, in.addition to ;showing the .absolute losses R
' .measured ‘in velocity ‘heads, -also give the percentages of loss in = .
.. %erms.of ‘the :total whioch was ‘measured ‘in the model. 'Thus 28
- from the ‘intake; where “the modelshows 70 percent of the logs

 having aken plasce, the ‘prototype shows -only 36 ‘percent .and -the

.. :design .estimate 180 percent, .If this ‘actually represents ‘the -
. :Facts, ‘evidently ‘much ‘improvement ‘in.design procedure .and :model .
- interprotation is nacessary +to ‘bring the threo walues togethor. -

e —-The;?}f;irst ‘;‘meaé.ﬁr'éhént :,bf::'rhhé,:i,éntrance ,"lﬁt‘:'réré _iix ‘the --mo_dé'=1"‘jwas

. :made at-a point ‘2.5 D below he ‘intake, 'the piezometric.grade be~

- ‘ing.measured .at.the center ©of :the -tower with .a'siphon piezometer,

‘To:plate -11 ‘has ‘been transferred ‘the detailed measurcments. of ele .
“trance losses for .eono -entrance, "A" of -plate 10, ;" ‘These losses -
-are-plotted ‘in porcent .of the total losse It 'is o be noted thot .
‘the ‘entrance losses obtained by ‘measurements mede .at warious dise~"

- tanoces “below the -ontrance :up :to 6 dismeters show Afrom 116 to 58 .

-peraent -of the final osss Sinee ‘the tower entrance undoubtedly = =
-Acts ‘in .a :gimilar manner to ‘the ocone; the measurcmont of ientrance
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iy loss 8% 2.5 D below the ‘intaJce, which in ‘che model gave o va.lue :

0270457 thy, (yields no definite information as ‘to ‘the wltimate loss
.oaused by the entra.nca, “the 5prassures fnr'bher down the- penstock ‘

: fbeing s.ff'eoted by ‘ohe bend At the base uf the toWer. 5 ;_; 

- An endeawr wa.s made in the model to obtain more informatlon
- .on:the probo.ble ultimate loss caused’ by tho ‘iritake ‘by: making 8.
- separate test in- which & :straight piece of pipe SWRS substltuted

* .farthe ‘bend ‘et the 'bage iof ‘the towers :Measurements made ‘at 110 D

_iframithe  entrance ;showed :an /inareased ‘loss of .about ‘two peroent.
. ‘However, ‘since" ‘this:determination was made with:wdll pmzometers
.whereas the: ‘pressures . .at ‘2% D:were -dotormined ‘with the . ;siphon.
- \plezometoer plaued near the ‘eontor -of ‘tho flowing :stroam ‘in \vh:.ch
L possibly oxcess: prcssure ‘existed :duc to ‘tho eurvature: cof the jot,
-, and -ginee ‘the ‘ourve :of mominel losses ‘tends to be flat between -
- 5’10'D, no: conelusicns :08n ‘be deriveds A guess may ‘be’ ‘hazarded - -

‘that the ultimate entrance loss would be ‘of tha urder of 0.6.'5 l"w o

16 percen'b greater than the measured.

Th is des:.rabls ab- thls po:l.nt 't:o reviaw 'bhu relatlonsha.p
which exists ‘betweon the- .enorgy loss as moasured 2.5 D below the .
entrance ‘and ‘the" piezometric drop: ‘in water -surface from-the lake .
‘to ‘that within the “tower, - ‘Referring ito plate 9, water enters the -
~ vtower radially end ‘has :to ‘be ‘deflested ‘through" 900 ito flow ‘down
" the ‘tower. As 'a’ ‘result, water: within ‘the ‘tower instead of stand~
~ing at an-elevation: equal ‘toithe; ;energy head :minus tho velocity
‘head is 'reised ‘enough o provide the- ‘mocelorating or roaction -
‘head “(reference ‘6, ip, 92) irequired by the .chenge in direction.
‘Experimentally, ‘the reaction head ‘in the model ‘was -determined

from the following equatlon KT + KR = J. -+ Ke where from 'bhe modél B

.81 = ‘Lake -ho i:owar nrop par h.v,
= 0 67 = entrance loss per hv' from whmh
D;.?G = reactmn head per hv' E

Thls reaotlon hoa.d 0,2.,76 hv, .cheoks - closely ‘che ‘nmean. prassure
obtained by integrating the pressures -exerted by :a jeot -of mter
:striicing a.ga:.nﬂt -a ‘plate, ‘if the J.nteﬂ'ratlon Asonly oarried |

- :80Y0SS AN aren - equal to that .of the orifice, ‘though ‘the .entire- pros- |

‘Sure .against the plate is P = 2,04 :hygs: .In the Lower en-hranoe
. ithe: dlfferenue between these two valuos, 1s244 hv must .aob as an
- upward force in the passages of the mtako- ' - -

: Making use of the equa.tlon g:.v:mc- tho reh’t:ionship botwecn
rcae’c:ton, onergy -loss, ‘and’ ‘piczometrio drop .coofficionts, using
‘the roaction socfficiont :as. detorm:.nx.d An the’ amodol (0.;7&) -and

: ".:5'7‘
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the piezometmo 'tcrwer drop measured :E'or 'i:he prototype, (0n803 o
11938 -value) “the;:field measurament of ‘tho .entrance loss-at 2:5.D -
'below tthe intake is ifound. to ‘be 10456 i hepy 8 value ‘2 ‘peroent. lcss_

’than‘that Tound in ‘the 'models 'fhe writeroould wish ‘that his.

' compa.rison of data might gtop . here but additional : data ‘from’ ‘both

model and: prototype throrw doub’c on 'bho prec:nsion juat indlowl:cd. o o

; Coeff:.c:.e:rt of disehar e for towar. The must oer'l:a.in ind:.oa.-‘
; 't;ion‘of the entrance ;performance 'of ‘model. end p*ototypa ‘is .given -
" !by “the rdirect: measurmnents of pie.e,omatric drops from lake ‘to: towerz _
‘expressed ‘in terms ‘of ‘the:discharge :oquation Q= Cy: \/13_1— ‘whers .

Dl measured ‘in fee'l: ‘igthe: p:.ezometrm ‘drop fram Hie ‘lake to thg -

' itower water surface:and . .Q is‘the discharge in- aibic Peet per

:second rrefer: 3d ko ‘theiprototypes ‘The followlng are ‘the va.luas =
- iof" cl fm.m.d in dlffarent testw R BURCRE S :

&T’Values of! c1

PR : Model .ot Prototgpe
- ‘Madel- tests No. 2 used a.n ' . : '

- this report, mean:afis - Sl R SR

L runs; at lughes-b velocity, DT R 1938 1n-berpnla‘l:ed S
T hv 4' Lo 4.." e oc»'rt-mco 6 304 ' measureman‘bs' h.v- ’= . 6,340

- D ‘” : S 13' -— m«o PUSHEI PR s s
Bul. Noe 2, part *VI,'jE-Boulder S S

© o iFine) s Repor'bs, Pe 99 =iMean - - _1939 (mos-b aacure.i:e oi‘ e
L u.f.‘ all measuremexrbs ‘enssaes B, 500 pi'tot measuremen{:s)\.. 6 640' L

. ‘.‘:-',‘1959 current meter ,',

k5 ;measurmen-bs :.n river 8 750 -

Th.e equat:.on Q = 6 550 \fﬁ + 7.0 ba 1: represents 'l:he

r“‘r,‘.‘.:-welghted ‘results, of :i'bhe Fiold tosts s.ppl;n.ca.ble fm' one. tower gate |

ropens :The equaﬁzo for +two gates ‘open-derived fram - ths seme (GO= "
; jei‘f:.c::.en‘b and makin ‘use ‘of - the-relative model m:.soharges 15

\ Qs 165400 A/Ds” ._.It‘ s bellevcd “that ha.gh discharges through

~the’ Boulder outle works oan most - ea.s:.ly ‘bo .determined’ by the -ap-~ k
'"',pliea.’clon -of ‘these equat:.ons with field: measurements ‘of ‘the’ la.ke
“bower :drop : and - w::bh -y proba.ble accurasy.of :about ‘two. percent,.

. -{This ¥s- perhaps 'be'l;ter than could be done hy s'bream gagmg for

"bhe fame conditions. e . _

‘Rei‘errlng aga.in 'bo plate ’ll show;ng ‘l:he fl'hting ‘loss&s, the '
_-mechanism of energ:,r d:.ss:.pation -seoms to ba 88 follnwa. A% the




i:;'l:hroe.t the irLng;‘ losms a5 mea.sured {in model and prototype,
ttendito’ Do e sgme, the piezometrie“"érade ’aeing eentrolled by -
* ithe! shape cf’the E:l.ntake.» ‘The:slightly: lower-values: of ithe! loss
-‘_=‘.:ooeffie5.ent “Pourid } in’ the ;prototype s *probe‘bly ‘oausod by 'the
. ;emaller: ‘saternal ifriction:of tho: ‘prototype:as: -gomperéd o’ the
_ modeliand. souldibat ‘estimeted 1f: rolative frlntion ifactors: were R
,?;pradctermined. “Below the ithroat ‘the lower: straig;h’b-upi‘pe friction
sepeffisientiof: ‘the prototype bringav'about g slower ,chenge ‘in mow= -
" metrtum ‘than-oceurred. -inithe model with theiresult’ ‘thatithe:pro= =
totype: ourve -6 losses: ig ‘shif'ted: ‘downstrenm somewhab in proper- o
) ""'tn.or to! themeletive fr'lction coei‘f:.ciente. S B

N Referring 'i;o *bhe upper pa.rt of pla:be 10, curves A end G,*tne E
_ _;:‘ffirst shows the measured loses found:for+a model with! 06000 ten=-
trance: .and - the:second, accard:mg tothe: prcposed hypo’ches:.s, ‘the = =
losses which mightibe: ‘formed {for:: 'prototype, Hifidtrhaed: one-hs.li‘;;‘:‘
ithe: frietion soefficlent, It willibe:-geen “that-dependent.onithe
:distance: (diameters) ‘below the intake:at: which )losses are: ‘mead= .
- ured, the; ;prototype: swould :show: greater,.the ;8810 ¢ Lor 1ess losses . |
~‘thaniits: model -and that - 4t woluldihave to have a: greater tobal -
: \j.‘lengbh Af i:b were rto7finally- reach bhe -8BmMe’ 'bo’hal loes. oIt ‘hasg

‘ibeen” suggested that the: formula L= 0:7R"'%' D expres the ; lengbh’
f"S)
requlred ko fully develap turbulence in smooth pipes.

‘ :i.‘.

st s St 1 T i ot

P A smi 1e.r ’formula is requ:u-ed to predlc.‘c the rate?‘}o'f loss
from fittmgs. : ‘ RO Lo _ :

RIS Tuming %aga.:.n to plate 11 s 1t.-.t:|.s -seen . that oorrespond:mg -!:a

i this hypothes:.s, “the :intérmediate losses measured Jinttheyprate~- . .
;r*type are-relatively. much less than: found :inithe. modéls At PrAly o
- ~the: first Lurbine- penstock, the:fitting’ ‘loss was: only*he.li‘ thafb .
' rrogistored:in:the-modeliand:about:60: percent: -of “bhat at P=ABs On‘ -
~ ‘thewother: hnnd, ethese :are - nominal ! ‘losses and: whether: energyis . .

-aviilable: for use’iny k:.netic “Torm or:whether wall: pressures BTe.
: e:.n BXOBQS of. mean pressures e:b preecnt s unknown. b s

o PTRY :.ne.lly, a.t 287 equ:.valent d:mme‘bers frcm the entranoe’the ER
prototyne ‘showed 85 percent:0f" the modells Yoss:bub: withithe: in~:
o dication, *’from 1% oompa.r:.sor. of the friction- and. energy gra.des that, i

CE f:.ttmg losses were still taking plaoe.
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o Tt thoughtithat in ‘a'long perisiack 'the lofs wWould ‘equal -
' “that sshown by ‘the'model ‘in-acsord with ‘the equation: for .shaok = .
L o e g )T T L
+1088.- (1 .2). . :providing “the equation was ‘applied tto each
- filament @d_f&wateﬂstarﬁing ‘atthe :section at vhich veloclties are.
romthe intake -

it n

. 7. 'The measurements ‘at ‘57 equivalent dismoters from o
_;provide ithe ronly:possi 114ty !for ‘approximating the /losses due g
- the-various/fittings. ‘The tdbleibelow ghows “the design, model, .~
 -end:prototype |losses :segregated in- accord with the judgment of -
' \the writer, iThe item'of most:general interest is perhaps’the . -
Loss ‘dus Tto the 1900 ;axid ;400 tbenil, swhich rregardless ‘of ‘the ‘dis-
" tribution ehosen;would apparently be :less than the wvalues ordi- - ..

L B MDA R R
.

-~ -narily:essimed for:such’a’eases . -

fsiunes s e

© Egtimsted Loss in Fitbings ‘from Boulder Tests

iEmtrence 0 oo o i L4107k il 0468t | (0463 hy
Bend,combinedso°+4oo - _'?’0«‘.’40‘. ool cos08 . S
. “Pie:rods :and penstock:openings, i} o
0 78em 12" tie-rods - 20 feet . AL b oooch o
‘. ‘long“aerossi4.openings oo (10420 | 10617 i oed2:
. 'Reducer, ‘80 x25.. - .| 0406 170,04 - 0802 0
CoPetal oo o0 i LeTE Ry 1400ty it 70485 hy

R B

-
RO
S

. " +Branchilosses. Plate.9 shows the :energy grade for‘the ‘loss

- “‘through-the Bsb=Toot branch connestion to V=Al for 1100-percent. -

~idiversion :plotted against .equivalent diameters, that is, the =

‘ilegt 242D of B~foot Pipeiincluding ‘the .Teducer has ‘been length- -

- -ened £0'247 (D to give equivalent:8.5:D ‘lossess 'The:energy grade

© ‘weis measured at ithree points, “the :upper-and ilower ‘piezometer - . .
- rings, and-the :pitot ‘tuboe [iThe ifirst two -ropresent nominal onergy -
" grades:whereas ithat at ‘the pitet-tube is:the itruc grade being the =
 ‘mean:of the impact Teadings, It ’is thought :that ‘the sharp break

" iinithe energy lossline:in:a/distance c0f 247 requivalent ‘diameters =
, f‘jt_x’s:h‘;iiniﬁ'front~--.o.f!-i_;h_e‘#_'pi'l:_d.t‘-;tubef_mgy indicate rthat the .energy grades -
- ‘determined by radding:meen-velocity ‘heads to-wall:pressures give .

- unsatisfactory measures.of senergy head “in large ‘instdllations:where '

unequal -veloaity distributions’ exist, many diame ters below ithe idis~.

- " rburbanoes ‘\,fjﬂ;ﬂompari;spx;::q‘f:’-::bhe ifriotion-and energy .grades:on the e
' fgiram_ing':jsho"w.js‘_;:,tl;a_fi;‘%het@,:a_s ~iin;§the;rngin::Lpg‘ns_toclg,:z:bhe:.ilogvs' 26D
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. i‘rom the throat is" very muc.h 1515 "hha.n .tha total and -I:hat ithe

ceurvesof losses is: d:.splaced ‘downstream:as- compa.red 4o ithe: model.j,ff‘f”t‘ :

‘On ‘the: .other hand, ' the: ‘sharp ‘break ‘dn the- -energy grade ‘at’ ‘the

~ valve: Bugsests”-b;-w possibility ithat ithis:apparent change imper- ST

i fomanoe ‘fromithe: model, " both in - 'bhis oasa ‘and :in‘the: main pen= . e

- stock, rmight ‘bo reaussd by wall; prassuras "heing’ higher ‘than ‘tho -
meen Borassthe ‘section, The:numerical loss was of the: -ordor cf’
/10 ‘foet, “too;great it ‘isbeliaved; ‘fororror to ihe : engiroly ro=-

. sponaible iforthe 'brealiin;grades It ‘is'suggested that :ifithe - e
“itests: copresent.fasts,’ “then’ -efficienciesideternined for low head =~ ©
“plants haaed on: wall pressures ma:y require siglifican'b coﬁnac— e

: tions.

o “The bra.nch loases for various ra’uos oi‘ the mt:.o O
B flow in! thu‘branch tos flawgin ‘the: ‘main penstook‘ ,%'is xt:ompa.:t"nad v,..rbh

. ’
“‘the:modél on pla:l:e 8, eurves 4i and’ 4. The latteriis: extra.polated
' i‘rom s smgle senes oi‘ ltests made a‘b w0, 17 by mea.ns of

ourve: 5 an almost lde:rhinal fzttmg. The prototypa shows abcut
- 60 peroen‘b ofithe modelilosses, :Sinceithe loss determination fin—
“volves a’ frlctlon factor determined by i‘omula from the tes*bs on'

theil3-=foot:penstosks, ‘it may: ‘be ‘much :in error tbut: again: there ‘is e

: a.greement ‘withithe. _other :bests in shovmng 1ess losses i‘in 'bhe pro-
o tcbype than in the model. 5 L , L : L

5 Va.l‘ve:?coefflclents. The equa:t:.on i‘or d:.schargo through tae
__‘fvalve was: determined by the equa:b:.on Q = CA N/ for whmh-

N coefi‘z.c:.en'b of: discharge o 1{ DS

A gross arca ol outlut ond - of valve ;
He=-mean energy hodd ‘at inlet: b

. 'E*‘Kl = coefﬁczon't of “total. encrgy loss m.th:.n vo.lvc per moan P
R veloc::l:y ‘headat: outlot i
K.z eneggy carrectlo ; a.ctor per mea.n veloorby head a-t'. ou-blet:

4-—-;5——= i

e

e ”xpermen'bally the coei‘flclent “C"_ “was. detem:med i‘or 'bhe N
. wmodel by, mea,surmg the discharge and- the pressure “ins “front of: 'bhe o

v ovalve randiaddingito the vlatter “the ‘mean - ‘velocity heed to -obtain -
g ‘“H”’ ‘In‘the prototype ""H" was -determined- directly: from ‘the; mean - .
~-0f the impe.c*l: wreadingse Normally, :sinee *H isilarge and-enfers

- -+the-equation as:tha ;square: root, .erzors from. i%s -detormingt: don i o
- sarersmall, But ‘it-should be- noted ithat Tor-modols with low: hea.ds '

: ,and small plpe, neglect of thOrcncrgy corrc:o‘t::.on fa.otor at 'bhc




inlet may make the coeffmzent tﬂo high by an amount of the order _-:
oi‘ one*percent. e ‘ S L e i e

Referr:.ng“to the equation defining 'bhe coefflclent in 'I:erms '

nof i‘unda.mantala, ‘.qu---l SRk % At oa.n be seen that :Lt de-*;' S
pends upon the in-hamaL‘ energ;y ‘losses w:.*bhin the valve cauaed K'by
friction -and- the ‘stay vanes ‘and .upon” the velooityldistributmn a:t'.

:tho- outlet whose valueiis: practieally al con*tant dcpcnding upon.

“tho: shaping of ‘the- ¥Alvo" body ‘ond needlos. Since Ky iiszemall

with respect fbo 1{2, 'bhe equa:b:.on ca.n be put in t}-e form of e

1

‘ Tak::.ng B mean value from the model tests of C:-‘- 0 77 and
es‘bim&t:l.ng the‘friction loss! through .the valve: in: terms of ‘the .
Q/A mean: vélocity. at-the outlet as equil ‘to that. osourring in -
“two:'diamsters o f': smo‘t:h ‘pipecata” Reynolds mumber - of 300, 000 e
(G.055 hv) a.nd a.sstm:.n,g the 1oss caused by oight stay vanes as Lo

1.62‘§

.ﬂ45~hv, the: eqsun’cicm be°°m°" C“ 1025 ¢

R : ”The numerator oi‘ th:.s equatlon corresponds o the energy
" /correctlon factor for the: oﬂrtlet. : I’b roughly achecks’ 'bna:t gJ.'v'en

by W:.lha.ms (7) ifor a: bend w:rbh _g_. - 0.80 -8 ratio apnrmma‘b:mg

{that used in: the ‘design- of 'bhe valves “The' fra.ct:n.onal par'b of “the
denominator, 2k percent, ‘is:.a wariable.and ‘depends -on s friu :
t:.o flos fwi-thm the valves 'Itican: be :seen that e

5» the valve coe:f.‘f:.c:n.mt Wil o
-:.n*turn inorease: or’ deorease Jﬁ'f‘md ﬂ{fpercent. These are ithe ore"
“deriof- varia'bions ‘which: were . fownd in‘the model: and,ﬂprototype and
Which-can:be ascribed %o changes 5.n "i‘" w:.i;h va.ry:.ng Reynolds
mznber. R = _

: The hlghl;y noxmnlfarm veloc:.ty cllstri'bu‘t.:.on a,t thekou‘olgt L
ind:.os.ted by the « value of Koy conﬁrmed mc:.dentally in'the: oare-‘ ,
sfal: expl?ra:)b:.on of the pressures a.nd velooities ina: Pelton nozzle
by Te.not Whlch all Meretted n valves shoul‘d‘* mvest:.gate. 11;‘

llTenot Etud x‘éer.merrhale d’un ;jet de Turbme Pelton ete., W
Revue generale de I'Hydnaullque, =No. 2‘? Ma.y—-June 1959. p. 119.- S




i . revaluate the causesof the differences as-shown. It is believed .

i:rpl:les also g3 ‘largo 'reduction in pressurc on tho inaido of the e
bondxwhlch Williams givus as.6" hv for: -—g— = 0.8. This thooretn.ca.l

“yaluo ‘s, o:t‘ courso, greatly rcduced by friction and oan only ful- R
,._‘1y develop in a’bend: of Jlarge. ccntral angle. Howcvor, .at itho: out- S
1ot cof 1tho ‘Boulder: walves, ‘a nogative prossura:of 0232 hy! wag
: maasured, “the rzono:of: nagative prossurc: oxhcnding ‘a8 . drown on.
;platoil din! “the ‘rogioncafitho ifilloted -outlot, - cgmputabmn showod
~that this. »vo.luo will: a.pproach a perfcct mouum wi-hh o’ hcad on thc
: prct:otypo of ahout aoo fee't. S : :

5 g

e

Tt has! been stated -bha.t the energy correctlon i‘e.ctor i‘or any
g:.ven shaped valve ‘tends 'toiremain:constant. Thisonly: applias A
as long as no veecuuwn exists.’ VWhere ‘it:does, the: ‘effaotive water-
way. ‘decreases and; the ensrgy correction fastor: inereasos, ‘result-
ing.in-adecreasge /in'the" disoharge voefficients (On plate 7! thave -
‘been: plotted 'bhe va.lve discharo'e -coeffioients, cv. : For ithe: model _
1t i's‘computed ithat ‘full vacuunm is reached ‘at R-= 4 X 1108, .and at
“a'value-of 6:x 107 for the prototype. .(Reynolds ; mnnbers are based. ‘
-on‘the outlet: d:.ameter.)‘ ‘From ;plate "7 it s seen‘that ‘the .curves LT
~showing" variation inithe valve coéfficients ‘begin-e trend: downe=
‘wards, -somewhat ‘before : reaching theso. valuas, und tha"t: they nre
“ine good a.groemen'b with: ono: anothoro ‘ S e AT

e A R R P BT

o Pla.'{se 6 shows 'bhe valve: coeffle:.ents ‘for pa.rtla.l ga:be opan- '
inge Neri:her ‘thermodel nor ithe /field work was "accurate’ enough' to

1% 2 RIS, B G b2

A0 2

“the: rele.’clve coei‘fmlent s found 1n the 1957 tests have the greater |
;accuracy. SR R L L :

The followinbwonclusmns, bdb;]ﬂct to the limrbationa of
:tes’cs, ca.n be tentat:wely drawn' ‘

: (1) Pressure differenaes measured close to.or w;xthin a fi'btmg
-such-as’ ‘intake:drops,-valve cgefficients, :bends, reteq) - ‘reprodune
=:va.ucura'bely from: ‘modél to; prototype providing amall- comtections’
.for Jinternal’ frio*bmn are. mnde und prov:.dxng vacuum does not GXIB'i, ;
“ins e:Lther system. o ‘ S _ |

P S A TR e RO RIS 0 i T ¥

s

‘ (2) Model tcsts prov:Lde 'the best ;means - of estz.ma.t:.ng i‘i‘c‘b:mg ‘
-'alosses An! mstalla’cions -guch - as pmmar plent penstocks where the
:influence ‘of rone fitting on another malces. results. derived from
Ittests com single f:.ttings ina.ppl:.ca.ble. ‘

kg pe g s S ashome




3) ‘Model tests showing rate of Fittlng loss at varying ‘hydreu~

1ie vadii below & ifitting will not ‘reproduce in the prototype umm: .

| -dess the Tristion'slope ‘fs ithe sames Though ultimabely the total
- ‘Yoss:may ’éhe_.='evqm;z',‘;h§jcérmédia.‘hqS?lqs"ses‘;iWi‘ll_generVaI.];y ‘be less than .
/found »inthe model ‘tests, 'the perventage ‘reduction “varying ‘with

“'the point :of ‘measurement and ‘the ‘friotion coeffioients. ~The maxi- S

- mum -@ifforenco was _:'a;boﬁt‘v=-*‘5'O‘-‘}perd‘fent‘l;,"-in j;th-c‘:zz.aopq;dex;l%tpsta.'g .

© (4) Qualitative vesults in the protobyps ‘may differ from those -
- in-the model for :streamline ‘Pittings. and :shapes ‘and *flar oases ».:'(mr ECTRREA

- which velocity ‘distribution ‘upstream’affectr the Litting osse(12)

ey

: 1 zYarnell,Dawid Ly, Flow -"of'-’m‘l'.'l::él;;."thrbugﬁ ’*fG-’inéh‘;pipe ;:Beﬁd.sij.:.; .

~‘Teahs Bule ‘Noi ::55‘_?}"7;,”?31115_'_!_:‘6(1_‘;S'tga;'ﬁés ‘Department of Agriculture., .

. {5) Reliable comparisons between ‘model «and ‘prototype canmot be ¢ .

;made?_i.wifthpt_iﬁ'e'a'\:_l"diﬁioziaﬁl-5hinwledge;;a"sﬁ;_wto, the ‘relationship between in- . o

- ‘tegrated welecities :and pressures -and ‘measured mean velocities and
- wall :pressures 'in regions ‘balow fittings where ‘disturbed welocity . ... .
. :distributions ‘exists Nor -can fitting losses be -ascurately obbained = -

o ‘from ‘the j;pr;t:tb‘bype'f‘-.unt"il ‘e means :is ‘devised for obtaining the fric--

“tlonicoefficient for :strilght pipe free from 'onjgms_"f‘pjbro@t;_pq,di"?py:’, | o

fitting lossess

- (6) -.éRedueé:s_‘pf_.«‘fo.,,'-g‘_;gi:é\} .ﬁféduﬁt’iéﬁ‘.;_fa‘.tio werenotfound _.:_snffi— LT
- -cient “to produce & “.unifaifx_x;,‘%ve'locityf25..fD_;belpw ‘a branch in'en 8= o
- foot . G=inch pipes The 'meanvelooity was four percent .greater in - .

- - ;one<half ‘the pipe then intthe others =




fQP:tot coafflclents cp.- 5

uItZEffeot’ f}h1t'1 and yaw on. - coefflclent Cp.-1f.

j;;?1937 measﬁfementsuof plezometer statlons.giwi};ﬁllff '"
.HJ1937 pltot travarseﬁln V—Al valve 95—percent §pen.‘MW'
T11937 data for'va 1ou$.open1ngs of VhAl valve. §  o
EFISSB plezomstrlc drops fram 1aLa to mﬁan of P!Al and PqAG.VjL'

;1938 plezometrlc dropa from P-AG to VhAl Junctlon. 7

;.Vf1938 drop between pluzomntrlc stations."” |

 fSummary of 19“8 sectlan and total drops frnm lake }
to V-Al Junctlon._” : . :

\5]f31958 pltot traverse 1n VhAl valve 94-percenb open.-

'5”1958 plezqmetrlc rise ‘in- valve manzfold across
rdlscharginw walve | branches., ‘ s :

" 11938 Wrop in energy grade in dead end‘f]i
: after lOO-percent dlvors1on. : o

‘ f1939 pltot traversa data for V;AA valve 95-peraont opcn.ag,a-

‘ ¥f1939 pltot traverse computat1on for VAAA valve ;
95-percant open. ';v- . _ R

: f1939 data for partlal open;ngs of V-Aé valve.

| ”}leSS true mean pltot pressure-head elevatlon for ORI
' partial openings of VHAA valva. RN .

fleSQatower dlscnarge for pa.rtm1 open1ngs in V-A4 valve.

:f§}1939 valve coefﬂiclent of dlscharga,f
i for partlal openings 1n?VhA4 valvea o

fﬁComparlson of pltot gaging data &937-8-9.
'Interbolutlon for 1938 diacharge.‘f_‘

i1938 relative flows 1n’VAAl and m&nlfold for various
numbers of vulvas opnn. L

' 1938 hydraulic 1osses based ‘on interpolated |




TABLE?l
.vritot Coefflolents cp s

See Plate No. 3-

wDisf&n§é 5- ‘Rating .BL = : Correotlons B
| from-wall’] = .channel :[Velocity ‘Tﬁrbulanoe and. Obstruotion N
§.ﬂnches Radii calibratlon gradient jourved - streamlines in channel Total ||

S B 1 NIRRT

IL:2~771f:o.051 .78 | 00151 om0 | 04008 ot |

.'0:922 | oioos | gioro _;0.009 lo.sas |
o3z | | owr0 0.014 - losssr |
owss | | ool | oions Josssz | .

i

' t§3245/i _0 saq "01933 qo ol et *5f:;‘-\0f051'“? 04 974‘A"

| Meaq o 920 S Mban 0.950

T%BLH 2;‘1

. Effect of Ditch and Yaw on: CQefficlent cp

i8ee Pla 65N01:2

Four holes par ring i

o Pitch ot} _Yawwfﬁ Twn holas
1wrfhout ; With ;with“f‘per ring.
“fosteat  |.strut!| strut | Piteh

%:r0.994 f;cm9293'?0.94s §;=«o;916";
q E iOaQST‘;
| 0.585 1

10068 |
1 omesr |

0.986 |
1.041 |




e _ TABLE 3 ‘ o
1957 Measurements at. Plezomater Stat;ons

Relation qf average of recorded readings at ends of 125-foot seotion
‘ in iV=ALl ‘and- V;AB to number of vulvns open.‘ : :

NUmber 3};-5 o ykAl S s B R VqAG i
eOf valves ;Upatreamg;nownstream DifT, | Upstream Downstreamg; i
v‘yopen 1007 1 B v TOUPY ‘:'»ft;;f ft. £ R < PO
Y . o4

531725‘3.:§39 17| 968.0 - i
CilLTel ] 9673 | 1951e2 L} 164
11648 1| ‘96446 ' || 94849
] 1640 1| 96247 . (| 194742
1547 - 95848 Y| 94847
11543 | 95644 | 94led

“éagﬁﬁpp

'TABLE ¢
1937 P;tot Traverse 1n V¥A1 ‘Valve: SS-Peroent Open
Traverse is taken looklnb downstrenm and readxng from laft to right.‘
V,Llnes A and“B areon diameters.at rightianglos to each: other ‘and :at:
‘45 ‘degrees with :the ‘horizontal diemeter. ‘Line B is above line A on
-_fleft side. No correctlons have ‘been: mnds. Resarvnir elev. o= 1033.0.'“

Aosen i ifrom ;) - - Impact . Pressure head . :j'minus :ffqm‘E‘Qﬂth
o aliine ! Cwdll’ Lins@AmLino;B;‘Eéan;iLinchA,LineLB,;Eean“¢prcss¢ igurve lper ¢
U oHACTB| inehes | Pt | bl Hoeba] . f8. ) Phl ik ft.; plate 2|sec. :
bt o RNl - I 4'@ T - RN Ry OSSN Ot e (N R D ARSI R
B [=3%) 0 1B R D PR P
i3 10 n241x16"1002 5 1002 5 1002:6(:95949 [962.2 |96L.0 ;| 41.5) '04911 {56.7
o z--ﬁs_A+7-%ﬁ/1e 1000,2}1001; 4L1000‘8¢947;3;‘94a,5 ‘(94844 :52. -1 104944 {6145 |
© 13 5B 14-1/18"1}997.9] 1997.49:{:199749) 93140 {93242 (93246 (| - a,o,957¢ 6842

7

4. 7 021=11/16 {19979 997.9,|:997. 9;932;3:,932;2'1932¢2‘;* ‘04962 [6746 |7
:33-13/16 59941 1000.2A5999 11959:1 942.5‘§940a8‘13 0,974 {6342
enter line 481 £ DEUA| ) TS | BRI Rt ﬁ>~§‘ S IR N
ksseszis.,%sss i 1000‘2‘:993.55959.15”942;5:5940-8‘% i} 0:974 |63.2
- 74-5/16 |]:999.1] :997,9 | 99846193445 (|932.2 [933.4 ¢ 0.962 {|67.43. {7
r;’58141//16 1999.1| 1997.9 |7998:5:934.5 |931,0 {982.8 i} ,§ 04957 {8749 /|7
‘2 'B8<3/16 ||1000,2}1000:2 |1000:2{ 944:8 [[946.0 [945.4 '} 54,8 10:944 |62.9' ;
1o pgs-sﬂls 11002-5 100265 {1002.+5] 95959 ;{95949 |95940 [} 42.6° 0 911~‘51¢4‘, '
L Wall 96 oo e e s )
: Msan, :E,;f 1999.?6 999¢86;999;845942;22 943.02 {4263 ;57 18 o 954 ‘63.59 #:*
S ,.;gwe-f[_ ST R | (1)0 9516349 {63
Aren =.49.97 sqo ft. o o ) Avsrage from tabla 1
‘ Arg. velocity = 63, 5. ft. per sec. TR T N ’
o Q St 3’195 chlSc ) A
Valve .coef. «diseh. Ov = 77;07

S
6
8
9
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NOTES (Table 5)

J;: ;Add ‘one foot to all readlngs ut both r1ng piazometers in Pqul :
g to corract for gage 'zero aettzng a8 determlned graphlcally.~:

JAdd ows foot to bcth 1mpact and prossure-head pitot readlngs-“
to corroct for gage 2ETO. settmng 88, detarminnd graphlcully.r_,

.”ﬂGruph indlcutes this roadlng to be one foot too hlgh.

1‘hv for B-l/b—foot pipc = ((ool, 9) x Eéz- x ) = (col. 9) x .
P ‘ - s

%T?%E = (nol. 9) %04 369.;_5."-

“7Estimated loss from.lake to Junctlon of ViAl wath maln condult =
1. 8 hv x ( (col. 3) X 0a0116.

'lvalve coefflclunt (Cv) is ratlo of dlschargo through B.S-foot
~pipe (4,9 to dlfcharﬂewthrough outlet ‘end of 4'b.e valvc R
~ where the areu is 38.5 sq. ft.:(da) or. : g

. i ‘.- l
A-l 1/2= _1 467: Cole B f /2
T* by

| ‘(Col g+ o_a pe aao)J

g

- Net diumotor for S.S-foot plpc ussumnd to bc 8. 48 fcot :
because af bltumustlc coatlng. Areon 56. Bﬂuaro‘faet._ s
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T‘LBLE ‘7

H
oy

=

£t

loas. PeAG=V=Al drop _

P=Al=6 for manifold

| Meas-Penl%Ptaélarap_ft;l?;‘

T Em L]

Vaivé manifold § ufis. S
Poroent divertsd - Jof -

“iDivefteaiq:éff.E;’;-fiﬂi;f e

5porrécta& f<ﬁ65§ V=il

* drOPft-

i

%?9¥9:5l5@340§,4‘ﬁ‘ :b;esgwo@22j;"‘"]“["f;o;ss_ﬁ;a

95 PN,

{780 | 7, 000 ,:\:o;ai}ip;aé_g 0468 | 2475% | 040
'zlsﬁsg?lo,azsvaeli 0.88]1.12'| oses { &7l |

2 'f”420'?1558005 2.9 0.9¢11.98 | 1.85 | gz

i
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1938 Drop between Plezometar Sta.t:n.ons o

" Drop between plezometer :r:mg;s a.'t ends of 125—i‘oot sec’clon
: ' in V-Al and V-AG by mercury ma.nometer. :

" 7 ‘Valveb T o P:Lezome'brlc.
S open o ~ drop
‘Neme  § Percent o £t

”f7vAA1” R 19.47
100 20294
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TABLu 10
1938 Pltot Traveree in V;Al Valve 94—feroent Open

‘A_ﬁTravarse is here shown looking downstraam and readlng frum 1eft to R

o bepdights about a horlzontal ‘axise. Tines A ‘and'B are. on' ‘diameters at

Loright ang]es o each .other and. atf&ﬁ dagreea ‘with ‘the hori ontal _
‘,'dlgmetbr.‘»Lmne A is above 11ne B ‘on tha left sida.. :

“Bist. § oo ol IR

from. | dmpact -3 . 'Pressure head

uwaIlj‘;Lino AfLine Bl 'Mean: ‘Line ‘A Line‘B’”ﬂoan iprDbSo
“Bi inches : Tte '} i fto i ft‘l ftt 2 e ft- i
d | - b.] 6 1 T f-uw*B 8 20 -

-ﬁ1059d5;106355 1061,0;{99643'”996;B§A99638j-6&;2 ;j
6 :[1063.5}108Le5) 1052.51£995.8 1996.8.] '996.,3 '6642.1}"
111064.5 | 106345):1064.0] ‘98748 . 99748|| 99748 8642 |
[1064:5 20865, 8|’ 1065:0| 298.8| {ssaasgxsgg;siessgv;au
'1054:5 106348 1064.40[100248 1002;&%1002;82561@2\°
11064,511064 17108445} 1003,8 1003810038 ] 6047 1O
1:61°61§p5=3/16 111065451064, /5|:1064+0]1001.48 1091;8;1001482-6232 1K
-l Tifra=5/16 110645 10834 5] 1064.0{ :998. 8| 998.8;] 99848 16642 ﬁ'
BB E % ‘*q”-‘;3064.5!1064_5 106445 gsgs,a 1096.8.| 99643 | 68.2 |
e /- 51062;5,1063;5:‘ 53:0| '99848| 99648 1997487 6542 !
}1'holes-9/16 1{106145|1080.5) 1061.0 '99948| 99748 Jsa. sz;2~i;

it?ll 96 -y - 1R N ,"3-'--"5 R
iMeans "' 1 [ - 'E R R - i 

r : oviEtting N oo oo I 1 Af'_f“ ”',,: '.11133'  S
‘Tifaenter line *“1063;5:1063;5p1063@5~4998;7‘h oG} 2098.68H B 1:0s96)  H:87.94 771,

'yArea = 4997 sa. ft.,._ R e .. (1) From 64.65
.f:Axerage veloclty = 67.94 ft. per aec‘f_,.--‘ e A £ '
o RS 3.395 an«ﬂt ’ :

'j'"uvalve coef. 01 dlscharge-— ?0 6%

i 5ﬁds; Q= 3,540 c.f 5. from’ 1nterpclated values table 20
G TR 3 -




‘TABLE 11

1938 1°:l.ezom.e*c.r:l.c: Rlsa in Valve Manifold
'Aoross Discharging Valve Branches=u”‘
(Dead water in manlfold downstream fram branch)

*Gorrectedﬁ
;impaQtf%

~ o iprossure | : | I
: o0 Mean _;center‘liné __‘Presasuro : risa ‘| Diametors ., |
) iValwesigpen | . dlscharge o V=AYl 3 iAmeunt.| . from
o jumber . THameT ] .f.s. ft. gzo |Promi|imo| et Hzo‘cols;fs;gng o

0 I S RN S| B v iy Y 1Y R Ao it ANt
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IEEENY
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‘ fk-2,3,4’5 ‘ : e : .'«: : o 75

§-A+1:2 85 |13,800 ;| 233.5

Z'Aql 2, 34,5 f;"“ _ fi i233,5 gj

' ?sA-l 2 3,& 5,8| ﬁ JBT0 3u~ﬁ225-5' 3

. omimm iz

;1938§Drbp*inﬁEﬁérgy‘Gru&éﬁin Dead mnd oP hanlfold aftcr 100-Dercont D;vcr81on

T R IR ‘ﬁﬂﬁlameters RS s;EéE..fnio- X 1055 ="n'%--
.= {Number|. . lean. - : Mean from - i ‘h_':f'tion loss’ : o
{valves| ‘discharge] ‘0. rise || upstream ‘"i“%%at;o.ozs i cols.M5'4'5'7 5‘..
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Ll | MBLE13
1939xPitot Traverae Data in vaaz Vhlvb QS-Percent Open ‘
'”Traréraeﬁis taken:&ooking dawnstream,and reading fram 1eft o - rlght. Llnes
ii]y,A ‘and ‘Brare ‘on - dismeters at right angles %0 'each other and.at 45. degreealﬁ
SO wnth the horizontal diemeter. htns ‘B is abovn 11na A on left slde.‘ '

Line A

“]fi Traverae E s B L B
v; oints Dis= oo b T : v Kth ¥ .
i n'ftance ij:Impact !|!Pregsure.| Impaot SPE Rl IR B R True
‘from ! Avarage"eleiiaﬂﬁ; minus. :fraq_ ﬁ E ahg ) pressure :
HE - Cenil fram ‘gages ‘4 and 51 'prese. | ‘curve 1 R ,f head
4 1nche9 FEe . ] ft._; .~wft.‘ﬁ plate z; «-‘_?ﬂt;“ e ft.r
T~ i i : ¢ f} EERE I & e
: 5-1/h 1104.5 ~1oae‘9; 75,4 {0 934-: W;BG;5_12%1011,8'
113 111214 102544 96,0 | 04965 q_3105;3 | 101641
([2C 112943 [ 102944 99.9 | 10.965 ;af 1101¢7” 110206 1|
. 127 1120452 | 10324375 8749 +04968 % ; ‘9440 | ‘10RBLR
i34 - 4112842 | 10329 '495.3€f 10,972 [ /8046:| 10049 102743
el 1124 7,M=,'1041.45jg,as 3 04975 ] ¢ _a ©B7.5 11087.2

!
5
3
if

48 . luezis »1051‘6; i .; _g'-0{9781ﬁ : ;“,’ *;74@0{;11;048;5

4857 . 1112144 20415 . 7949 1 0.976 .1 73451 84,0 |-

162 . il109.8 " A TTaB | 0497201 726 8240 -
{89 7110948 1030.0§_,, 948 11 104968 | 74,0 8642

3 f76 T (1110844 i nozasztl g2:2 1o, 963, | 7646 18Bu7

183 - 11103.2° '} 102644 | 7748 | .0 985 | 7440{] " 85.1 410181 . .

.p90 o Hliozis 10225 | 1801 | 04938 | 76457| §1.0°(1011.6

; 96?}‘3-7x U R IR LA DPRRSITE e el | B BT R R

‘Jﬂin6}B5f

7 11110845 ) 2646 ;| - 78. 9 e342. 1 5.6 e ‘."1016 6
11181 ) 0264611 9245 i} 0.955 ;ao:vz.fr w-JTEfIOIT 9
o [HRT0 i} 11102645 1] 10046 | 04963 1| 186451 113.8 [ 1013.2 -
118045 | 1108147 1 19848 ] 0,968 | '82.3! ;‘é 102642 |
jaRsie it 90 38094 0.972 [ w7946 | 986 1102744 ||
CHEI2307 104047 1 83.0° 1] 0. i 74.9';;: a3 11108644 il

48 110847 /| 205348 | 549 | ‘0 H,§f£6Q§7if'5 ;QQ:§‘105L;4',ﬂ
o jfAL14.5 il 104245 1240 i 400978 || 69481 - 5. ;;m 7103847
2750 170108407 | 9208 04972 . 79.3]  97.5 | 1629.5 e
120847 ] 103046 | 7841 | 04588 | 73,2 8343 |10260¢
BE] 305 3-FR- 8 41 8648 | (0:863 | 77.8] 11201845 0
. ;110948 | 302448 " 85.0° if ‘0. B B -2 | 1016, 6.
: jﬁ 1106,4 f‘_ 1023.81 826 .0.542 g 7lr4§'iavﬁi ]a;;1016.2v




TABLE a0 |

1939 Pitct Traverse Computatlon ;or NLAQ Vhlve 95~Percent Open

Frcm Dranhic determinatlon of values at centrold radli of 1/3 arens.

£y
C o
Do

Cifrom
WAL
1nches

-gnistance

Impadt‘é
SV i PR

Vblocity
ftt_j

per. i

‘ True

pressure;f
haad B

second Ao i'% =N P

ladre "’“1095.4 102744

127415/16-:q1103.5_i~ ﬁ,}*]ﬁ'ﬁ 101741
101740 |+
@ o

1018 0 -

he-1/18 | a12208 3}

1i21-11/161J:1126;97§"

s 552-13/16 ibxlzs.;‘? glozegaf?

- j28 CiL.
',} o :k . . S (1) Lo
’esaaxis T 1118.0 | 102828 |
'*-Qo;oi 1020.0
@

74-5/16
1016, .2 %g.‘.“*'

11100 ;;

fprsrssas | s0uy

ilss-3/26 | 1104.2 5'7? 'E;EQO;SE ﬂ1013@s‘ﬂ;°'"' :

oo o

AT ST

88.2)] 10182 |

‘Jszi7o :“a61951 ?: 

'Area = qQLQ? Sqo ft.
;.Mean velo = 77._12 ft par sec- o
. ,. JQ et 5,855 C.foSo g

(1) Does not agree exactly w:th
1mpact n;nus hv

Ef}_ Valve coefflclent of dlschurge Co 511592%
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TABLE l'?

1939 Tower Discharge'_. Sl
for Partial Openings in V-A& Vo.lve

] V ive VAA4 ’ ..‘ Aﬁischarge —— “ — T wer functions . R
§bpeming - hy| V=A& | F«AB “%ower; wdrep | by R
‘ -% J fte| 0afeBe] CofeBe| Cofube ' Tt ! ol K T = 18°C.

404 00 0 oelr o 817 |0 04 ooa* 0401~ v-ﬁ_,‘; : .
10 ] 7.011,080 | - 617 1,677 O 008 | o.88f - f -
20 [104411,200 j 617 11,907 0050 | 11,32 | 0484] 648 ;
30 20,71 1,828 | 617 | 2,442 | 04001 | 18460 10449} BeT. S

40 . {37.9]72,465 | 617 ?53@082‘1_.0;163,§‘28.604‘30J57'1;09: w07

50 l40.4f:2,806° ] €17 | 3,432 | 0.268 | 364704 0.73]1.22 107

x 105;,‘“
X
X’
60 |70l 3,378 | 17 |3,892 | 0.310 | 49,60 |04625(L.42 x 107 |
X
X
X
x

105"

1or0 Hrrez| 3520 | ex7 | 4,137 | 04360 1 53420 | 0.6611487'x 107 |
| 8o {o%ea| 3,790 | 617 || 4,207 | 0.408 | 60480} 0.67[1.57.x 107 |
1 90 - leesa| 3,765 | 617 | 4,382 | 0,455 | 59470 | 0.7511.56 % 107 .

L95  192.6] 3,856 -617--514 472 | 05455 | 62420 0,75 {2459. 107“

ThlS amount estlmated and added to readings to nllow-fcr drop due “to
exclter unlt, PqA&. S yj.- : B

TABLE 18 7
193¢ Valve Coefflcient of Discharge, Qv,
for Partialepanlngs in V-A& Valve

S Valva 1 ‘,hv } Tot%l j.‘;- R f
T openlngz '&%“?pipe head\: ) i*-4 vl oy
: 1 et il P ":thaiZQ?l”-‘=.619 F, b

|'smsve | cass . | 1.se 1'107
4 a3s.e | 0,220 | 1.3 x 107

|s27se |o.ser | o20x30T o
ibaze.o f olds ] Bal w074
131348 | 0,816 ]| 3855 x 107 .
S meas | owers | guze =107
A303.1 | i0.656 | aezs x 107!
legsio | a0 | 4eT8 X 107*
292,10 |o.mE ) 4e75x 207 L
1 291n 10732 | 1 £a86% 107

".;001. 10 Table 15 minuﬁ azo rt.‘,;~r“f-?

'}A:Sae note -8 Table 5. ‘;f




TABLE 19

£

Comparlson cf Pitot Gaoing Data 19u7-3-9 :_ﬂu;f‘gf

i

L peem oo 1937 5’ 1938?"51939‘

ile ' Valve 95%.0pen = S e U NeAY V-Alfg_JVnhl é
ili2eiReservoir elevation - . fbe 1103340 | 1102,3 | 2157.1 | -
' 5n‘.~D15chnrge measured et valve . osfess :|-3195 . (/3396 . ]:3865 '} .
~ {{"4. .Diverted upstream to- oxciter P-A8 ‘cifeme ‘|- (O | “8LO i €L7
f:5.‘Encrgy ‘loss Tto . valve: mnn;fold B R | N v AT o
47 (estimated) - . Pt (0460 104§ 7| Lad
| 8e:Enorgy: eIQVutlon at manlfolu o Pte 1103244 10210243 1| 1115660
: iﬁ?.?Gross head at:manifold: above: valve T R AR TS EURS L § ERSROREE
.|~ routlet’(Eiev.:820) - £t 1| 21244 28143 | 33640
" '| 8+ Momsured:meanienergy- elevatxon at Y AN RS E D | SIS TP O

ik simpact:of pitot itube, : IR 5 ;1000.3-&1053@4 4011117
|79+ Voloelity! head {from: measured dig= gi‘._ o T8I RN I R
|7 charge (B.5=ft, :pipe) - u o ifte 49.75 . .B6a2.i}  T246

|10+ {Lost head from: mnnifold to Jmpact T L N R
saf; p:.tot “tabe v ifiha: 32.1.' ‘_-'_57,:9‘5.; Y- T
; 11 Loss coeffickent: 5 Shind 2. frnm m&nifold , : N E O
g “tolimpset L feg Bl o 65! 0.575 ]+ ;0e61
e 5~12. Encrgy head:on" valve outlot (El 820) The i?élGO.o' ‘243, 453‘7_‘H“

© 113, Valve coefficient usingoutlet area -~ | 204770 | 10706 | 0s

. 14+ ‘Relative discharge :from:groes’ ‘heed ~  fo o e T

b U at manifold/(squarerrootilaw) v . | 104735 04928 | - ls

1415 Relotlve dlscharge from pltot gaglng Lt ;0.828 ' :

A N TR P AR A Rt A a:

Compnr1son Wlth Internol ted Values*

i IS.’Dlscharge SR .i.s. - f3199i‘? R 1
1117+ ;Relative. dzscharge from arrlved '; I R e T T
i o tvnlue L o 10795 106816
- .]18s Lost head:from mrnlfold tu 1mpace FORRIE S D s L
Al cof pitotitube. AR .“;1l¢3163 f‘?,;
"3‘19. Relntlve dlscharge for. values dn oo b ‘
S "line 18 :(squore rootwlaw) s S 0684
_‘Vj';FZO. Coefflclent of loss, manifold ito: 1mpact%f ??206355
Rl Velve: ‘coefficient of dlsrhnrge from . ]
i} iinterpolated-values .. . . . 'Tgf”'%”ﬁO 770
o |'22. Water “tempersture. L. [ﬂgg."~i )
3'3523. Reynolds Number hf{-};, o xA0%

- '-"i"!,‘éSee "'_T“ai',ﬁle : 26,; e




TABLE 20

InterpolatiOn for 1958 Discharge ;f

o Head T ; R ‘Compu_ted.f-lsie

1 (n) pro- g Méasﬁred ”-F “value:of Q-
i ? portion- quentitiesiin | ‘from‘date of
i} Mothod: of interpolatian ‘al to" E—W_xl ; ﬁée 193’9'31957 1936

i, Valve open: 95% § DR EV&Al Vqu VbA4 L
J2. ‘Pitot geging: Tesults: c.f.aJ | eLes 3.395 3955 -
:}3. ‘Measured ‘drop be-" S R R ; SRt
' “tween ' 125—ft.spaead il .*(l) (z“;_-“ 0 B
; -plezometer Tings  ftel Ve f~1s 5 20 Y R
3‘4. Measuréd:drop e~ . f. 1
; ‘tween 126<ft, spaced 3 TR -g R FET i
.plezometer: tings . fte{ VY 11645112062 )
,'Lost: head:manifold -~ 2 R BN BT
?‘ to impactilegrof . ooy ool oo
- ‘pitot tubenmeasurad ft.,? ©1182a) 3749 14443
CE 64 . Loat heud: maniféld’ 2 IR IR PP FR 1 & i
1. “toiimpset’ leg:6f . TR EAREEE ] B B
S pltot tdbe,“measurad ft. WU=sB . 132:) 1378 |
N ,cLost ‘head manifold to . S TIE | EUIE | ST
3 dmpact: 1egrof Pitot j'

“tibe’ from 1937 curve £ts| V2 . ° 31431379

484 Last head-menifoldito Il R R
mpa.ct legiof jpitot’ -} o1 SN

g tube’ from 1937  curve £t V1eB 31,3 ~32’.\9"
: 9. Lost ‘head ing 1ntake EEREE P o1 -

: vbower for 1938 S T '-55(3)’ :

Q= 3855 c.f.s.. :::;f.t.‘ g ! S 10.4

_'_;.’{.(1)

t2)
SR ) Lean of Vqu andinAg mercury mannmeter res uinbs. Table 8e
‘ngg(3 ,“g;"F’(Q .
Siz valves open._fa~ ~See Tabla 21, second part.._‘

Taken from.curva of 1957 readings, T&ble 5.

Conclu51on.- Use Q = 5540 c.f.s.«n 55 c.f.s.




'I'A.BI.E 21 '

'"-7.;1938 Rélative Flows in V-A1 and: Mhnifold‘, j~_“
" for Variaus ' Numbers -of " Valves Open ‘

5

Y

No. of valves open

: 51. Relative anergy head. at23 ' e ERTRT Rl § R

| iVaALi(fromoourve) G 1101104992 10;974j 0.958 0:943
-;‘iz.vRelative velocity in .} A RIS § IR B R K

b eAL” ] 11300} 0996 04987 | xo.979‘fyo;972}
‘%3.- enn: dlacharge ‘per Y EERETET IR | ] ]
1 welveiinitemmsiof - if o f o b 'j‘;_-"if» Tk 3L;
o VeAliflow ¢ c.f.s.'.g .000|0:994| ;04995 | r0i996 104997 ;| Oy
‘Mo Mean-discharge:per . | . i BEE DR Y --'1"‘%' B
1+ “walve initerms 6f ‘ﬁ"‘,': IR R PRSP | RIS
| rgagediflow in: Vqu S -TliO?lOCQSB 0.982 fOAQ?&;‘ﬁOsQGQ
15+ Mean dlscharge per‘-' a0 : B
| .cvalve - feefess f5;540:“5;5oo '35 475 75;%50;-F3 450s
qu.ETotal dxscharge in a Y ER T
. vmanifold . c.f.s. .3‘,'540: 7,000} 10 425 "13;'800;; 17,150
7. Dlverted in: ~Fmf8: c.f.s.", 1810 | 7780} 6755 . 1420 | ‘ﬁ340 .
af8e ,Qf'ln tower c.f.s. 4 350; 7 780 11 100 514.220' 1'7,090

1959 Valve Discharge (1938 conditlons)

11838 - Measured tower drop = 10.4 ft. (6" falvas open). L
1959 -'Heasured “bower: drop e 0.453 (VAAé valve opan). ﬂ“

i l19391— Tuwer Q~—‘3 855 c.f.s. measured -+ 617 c.f.s. A PqAB —n4;472 Cuf.ao ”g

‘11938 - Tower Q. ==(10-4 ) x 4 472 eazl 450 c.f.s. (s valves open)

17(from:1939. 455 L L R e

. 'Lfsaglnv) ' : S r* ;‘ g
i 5 K Dzverted in PqAS = 300 c.fas. ~£4f.“ >

j ;1938 - Hanifold 7Q - (1959 gaglng) 215 150, c.f.s. (6~va1ves open).:'-w‘.f
1:1638.~ Menifold -Q{(line 6: ‘above) =:20;370:Csfese (6 valves: open)e
0 :1938 - Qsln'Vqu from 1939 BRES . 21,150 x 33 SAO =3, 570 c.;.s.{ : :
o B x 20,070 T
.038 7 greater than value used.“




TA.BLE 22

‘ 1938 Hydraulic Losses S
Based on Interpdla 'ber'l 1937 -\39 Ratings

S

Valves open - SRR I B 2 3 e )

R

LesLlake elevation - . fE.110243 4111026 110844 | B1103:5 ]
g 52.‘Qin25-i‘t. mani- . B 1 Ry R REEE N
: fold in “terms of
flowiin® V-Al ‘as Y . 1 e ‘
amity R | ‘1ie8] -,, :&0
‘QMin’ Zs-ft. "nan:.-,' ] BT S B
ifola . o eifese |3, 47, ‘110, 13 aoo
'Q ‘in ‘P-A8, aver- ‘ [ ] SRR :" L
‘age. . gfeSe. 810 | 780} 675 420 i
5.°Q ‘initower .-'a;;}.‘f.‘s._é ‘4,350 |7, 411,100 14,,220 i
' Qin‘toweriin - | R S B D
“terms ‘of: or-e v lve :
rag wnivy - o
Valves open’ dunng;

| zer |
tcmer “to P—AS readmgs 256 ‘|, : 2s 1,‘-"4",;5‘,‘5

Rett:.o to (?") of valves
- ‘open 94p§\mos.1 4, 5)

Valves open during P-—AG i
ko’ VeAL manometer read—
J.ngs ‘ ‘
‘Ratio of (9) open 947 ;
Q in Vﬁﬁl ! Q-f-s.
hv ‘tower i+0 ‘P-A8 Qin
line- 5 (30=ft, -pipe: |
-area’ 7'07 sq.ft. f*‘t.f
3. hv Pﬁaa o end B0-fte i
~Pipe, :Q:iniline*3 cifte ] ;
hv (25-£‘t. ‘pipe:ares =
='49) .sqsfte) =line - |
151(.?.9.?.)2 Q in line

- i {ftd
' 15. h., (84 48-*‘1:. plpe area |
BY R sq.ft.,). dn s
S - Veni,}ine:ll - i ) R
,SE’IG. hv (BOO'ftl ane area -j
o =500 sg. fta) .= i ] I EEETIN | L
'ﬂlhe 15 x(55 5) 'ft.f .f 77 “’»7,_6«':1 i T

W Nt s g |, Won _ m— ——




TABLE 22
(Continued)

“Valves open

Ahv between ‘towar: and
25-f‘b.‘sect10n § T
- i(line 14" s12) ft. 0s:
Ahv ‘between P-A8 and
'2b-f'te ;section’ (line _
/14 minus 18) Pt
Ahv ‘between - 25~ft. RE
rand :845=-Tt. /pipe . !
.sections {line . a5
I cminus 14) Tt
* Ahv between :8i5-I't. ’
‘and ‘8.0-£t, ‘pipe
.sections (lz.ne 16 |
minus “15) o 'if,t.:{ Tl

3 ?Measured P:Lezome’cr:.c Drops

Drop from lake to
tower:water aur-
face by tape. ‘fta

“-ifFrom ‘lake ‘tomean .
vof :P=A1 rand :P=A8,
. otable B, colmnn 1% i‘t.
‘From P~Al ‘to :P-A6 'by 1
(o m&nameters Sl f,t.;:
126 ‘-From P=A6 to VATl ;
. médifold 'r‘f;b.é;
‘ ',Total drop from’ la.ke ‘
- bo VeAl: ma.n:.fold SR PR
/flnes 24 4 % (25) RIEES
o2y £k :
Total drep! fromleke
wbo V-Al manifold by
‘Bourdon gages, - o .| ¢
. Teble’d, cols ‘B ft. .40
Fead lost from,lake B
©“to-meen impaotiin

V=ALi(center: 1'mp&ct

. 1.5%-above mean on .. |
T _plate_@)_ “Yinel.~ i}
0 iB20 +ccoled o _ :
w‘lﬂ.ﬁle L 11.5?' hg e b e e e
“Xine 116 Tt 139401 404 i} 46421 BleOf. - B049 [ 5OLT
(See also l:.ne 42) 1 EU R o B! S

~—l.n_—-—-—_—w——d’---p-———u n————n—u-—-u—-——

Ini erpol ated. . 4




TABLE 22
‘(Continued)

o1

{'UValves f'b‘pen‘ ) 1 R 2 o .

- Piezomstric Drops
by Bections
From Yeke 'to ' tower. Tt
""F‘rom itower to ‘P=AY
(llnes 2:1-25-23)
2

‘Trmm P-Al t0 'PeAB -
by manometer
E"From ‘P=AB to V-Al
_ manifold TR
From VAl manifold - s
~ “to ‘pitot ‘tube ime SO I TR R R DR PR
‘pEct = line 29 . A SRRt I
.~ minus:27 . . Phe; 3644 . -;..52_9'.19
‘From pitot impoct: - ICEE ! AR EE f o
. jto.atmospHere - 'ft.:'243.3] ‘2a2.t | :_232;’4 e 225.5‘ |
: T.Elev. center llne | R S j_' FARE T B B
cefwvalve . ft, |'82040{ 82040 _‘8_.?:0.‘:0 782040 820 02;
|37+ ‘Total -equals. lake - SR R . I T 1 5 s
~elevation (sum.af SRR | IR F ) P e |
1ines 30 to 36, :mcg)f't.-f- 102:311102,4 1110244 | 110844 | 110343 | 21035 |

: Accumulated Plezometric
i1 . ,Drops Co

e 38,7 From lake to tOWer ft.ilo
159 ‘From’lake ‘to :P-A1. ~ "ift, =79
[40. ‘Fromilcke 'to :P+A6 S fte] J2.01
|41.From lake to V<Al

| ommmifeld il g,

22, From 1ake ‘to _'pi-to'.t T

i Vimpact 0 i B

Energy Loss by Sectmns

44. React:.on head in in--' i
‘ jtaketowerhg
. ‘Byiis ‘teken i from: Fa.g. i
S L8 Bulcz,pagl for o "
- prototyper Qrequal to
towsr.Q Yine ‘5 above..
©iThen ‘these’ Rn 15 Ore  subs
-.,.‘%;st:.tu‘bed sing Fi.g;.; for .} ¢

& for: Rn 18 000 o _

T2, 500 and EE o= o.ao foxl.

172,500 #+ £or uppRr. gata. 5
h(pu.) Ut hp i‘or upper
g!-‘ste open

Yoy -“.—— h—ln-——..-,v_—




. TMBLE‘z2
- {Continved)

:Valveslqpen T 0 it I Tt T O S BRI E

45, Loss from 1ake to. o h S | I ] BT | B | R
' tuwer . (1ine aa ft)‘€0;47?’1.5ai ‘3405 7). Ba12:} “TJEY | 10440 .. ¢
drop - hv ( 14ine 1a:ft:)~éo¢59;u;1:as,§-as;eég_mas.soé.ﬁégésai +=13430. 1} 0
- llnes L B | SEERETARE Y T | TR EH ‘
] .23.=112  ='Yine: 4q‘ft. 0651} le4d i| 2:48 | .3.86i].
'geS.Fﬂm‘mmm-uz ~ | SRS | N ISP | EERIRE R e
d R L\ (line sg ft.)';l;79§ “BeBT ;| GuB& | 104B1:1 1€
='Yines 39 . £ BORERNREEN] BRI NEEERETNE | WREMIT B
- (45 +‘12)(1ine ag b b
R S +45:f"b)-”
j%é?@ﬁFrum PhAl to P-AB ;, EENE | SRR S O SR | |
? Coiparalleling mano~ s P e s e g e e
i ‘metric drop.line’ 25 fte'] 0422') 0466 (| 1412 | 1.98 | 2,93 - 3J96 | -
‘|48 *From 'P=Al- to WeAl ol SR i R R AR | S
“ meniféldi=ilines [ R EEREEEEE RN ER RN BV
. A= M0 TIT T Pl (0641 0] 1448 ) Y2u54 | 86241 4492 BiTEZ
B {49 From'V-Al memifald | I S| it TS P
. Lbo pitot dmpact = ol o e ERNE EENTEUE
L lines 42 - 41 éa ft. 31,21?.35.35 1.39¢71 | 41457 36,17% 38454
|50, Totel: 2ines 45 o - S T | KU R R | N | S
i llne ﬁg line 42, £t. §?39§043539;96w3145;17% 35L;OO;\-50393;' 59.05

et

221

)} =3.29 | =6432 }=10.16 {i=15.21 I} 21.03
0,08 | 0432 | 0485 (1.23|  1.08 ||

o Tatul Energy Loasr;’; g§yf_':‘f

SE;omxlake tc PﬂAl“ﬁ"_‘ o e e e
i1 Yines 45 o+ 4B "*‘!ft.; Le20:1 1ed9:i} 2480 | 4e213| 6401 BB
o )83. Fromilake to P-Ag-= b b o RO

sl Tlinesi52 + L7 sfbai| Lled2i| 2015 3.2 64

B4 Fromilake to VAL ) ufo T cp e e
o ‘manifold: ?line*ﬁs R | DA P! EEE ] B B
S 48 Cifter] 183! (348311 Be4B | 19443| 114476 19451

' ?155;iFrom luke %o pltot SERNEE | P IR PR U PERUNE] EE Rt | SO TS IR

: impact line o LI e | TR IR

llne 50 EERIERTE S . ) £ £

ETRES S

r'Loss coefflclentax;i“éﬁf
bx Sections - i
(Energv 1033) - hv'f

i ‘6. Piezometrlc drop from '
“lake 'to ‘tower: watcr ‘
surface 11noi;§ I
R I % rgp,f__;;
“.:§'57. Energy los= Irom dokeo -
B 'tO tOWE!!‘ l]_ne 45 '
ST ' 12

'x‘érgh




TA.BLE 28 -
( Continued)

Valves open

T-From tcwer 'to P—A}_ =3
~lline 42 ‘ ,

 medeltoRm6
line
‘From- P-As “+o v-.u
© ‘manifold = wline 48
. x : ) 13 i Y B
1R "‘From V-1 mefiitola tof
S plzot *:meact - line :

o ','“f" ‘by Sectp_ons o

' -uf“ ‘K s :
i)

“From ':._lake “toP<AT, '
=lline 74'below . 1104087 10,0341 | 04031 “0.029 | 0. _[0+0284 -

L WA A 8 i e o e,

’{\From P-Al ’co P-Ab '

L= 10-v dl&m.

: 11ne 59 - o
1015  "

. Z;From P-AE to V-A]_
manifold, :Li=.22,8 |
-diam, (30 i‘t.) =
lme SO : o

‘me P-As toev.-azg__‘ el

Fron V-a1. nanifold. ‘bo_ e
‘Pitot impact, L .= | : -
i 2R245 - dlam.-(a"-ft.) N NIRRT IR ERRCE R ;
‘.1.-’33.6__1 L H0s027 1104027 0403 -
122,65 ST DR Y e

LV e e —,-—»—n—:——-A-————u—v, " ) . . B S A —..I,

.,Q*'i;?f"' AR
~~Interpolated, -




mBLE 22
( Continued)

3 ."%Valves open S

: 670 From, jzla.ke to 'buwar
4 - Xipd 8T .
§68¢ ‘From lake to :P-Al‘-'s
: line 52 e
R K ,lm- o
line 53
| 12
70 From Jlalce to” V-Al
s omanifold

‘Sum”lines 57 to so ince

O‘ver-all “f"" from Lak:e

T From l'ike to ~P-A1

1 (ength'=

~=:ine 68
2848

- : f 75. FrOm ilake to P-ﬁ.G FIt R
: (L = 33,8 diems) il

11ne €9
33 8 . L
- 76e. From 1B.ke o VAL

=:1ine 70
5646

“t0 1P3AG -~ 30, ft._ o

i pipe X
‘?8- ¥ “from l:Lne 14 25—-f

! plpe in: ma.nifold.;: E

| 79. ¥ from lme 13 V-Al
-manifold’ ‘toipitot
o impact Bluﬂt.. .

7 dlami i S

Over-all Imezg;,r Loss nCoeff. ..K : 

'23.3 dlam-) ff o

‘manifold (L- —-ss.e'b.) |

L s

5‘?ﬁgﬁynbidé:Numﬁérf(ESREQfF?)é: '

77. ‘V from’ 11ne 12 1o 1ake

10,028

{0813}+.0.027
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